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1 

[#W«#©i5ffl] 

izm^mzmmzn, mmm&ttmmmiz&^-csiwz 

S^tHiBl*lj:tfSB2©iattJBt. B&fBiei©fiBttjf © 

nfc* * y <h . 'Ms. < <h *> - tfft!MG«B 1 . * «t IQB 
■2j©«ttp©|Bk:. fMrfBfg 1 *«t^JB2 ©«ttJilc»b 

wftBIB 1 Ott&Btt. -^©ffl'j&tMiB* v y tB (cfffft 
U Jfll ®ttttBe&t}.5OTa#&#&&l OBffffi 

* 1 ©««UIK:*ttS3-*W#t&SS6 1 ©3-^SB 

Mfe^ 2 cgtttMi tt. — ^©Sf^ftlrlB^ * s» ^B £IK& 

^It^L> . 20 

wtB^i ©a— t?ffiftm£mm$&2 <?>3—i7&ftm<v& 

&mzm&i£tiT^2>z.t &&®. tiT&mmmm.^ ? 

k. . .- 

[is^^ 2 ] hssb^ i t mmm 2 ©a@ 

g&#Bte. -tti-tn, -mtmmtibwizmw-stiit. 

? zm&m i imvmmm^ ^f. 
rat Jits 3 ] ssiB^ i ommfltftm t mwrn 2 ©as 

«»B©il>fc <<*:%>—#«:, — S8**ji«^|p|BfcEa$ 30 
h7y^teK:^bl>*I£Wt'*8U©&#,h, ffflfB 

S5 j <s*»J: o t> mfttt 'turn t s *u h 

[»^J® 4 ] JEfc, : MiB^ i ©aS^BtgflBm 2 
©JMBBfrB©— 35ffcJI&j££ft. Xn-hMhflt 

^ivb 3©t^n^fcfB«©»M^^y H. 40 

mxmsi imE*it3*;p©^&<£&— awi. m 
mm 1 vMmMttmomjjizEiwztiT^z z. t 
t-r&m&m i^i4 o^-rtiMzMzmowmm^ 

v K. 

[»*S6] Mfc, WiBIg 1 ©$MSg&#Jl©<W#KE 
S£ftfc}§®|:3-f;p©4>&<£t>— SS£gt>. MIB^-v 
? ^HffiO©®^*}IBS 1 ©^SS^Sf'*5^-5=¥-v y 7 1 " 

c»*^7] jmE»ii3'f;i'©^a<tt>— «r 50 



2 

t-?z>m-$m 1 b 4 <D\,*~rtifr\z$&m<D&mm%.'\ 

v K. 

. [§it*S8] Ktc, MiESS2©«lIgB#B©.fl!l;&K:ffi 
«Sftfc*it:3^;i/©^fc< WiB^2 

©3 ntomwmifimtm 2 ©Bmftgtzj&te 

• JS 2 © a — * B £ # k W-mt Sttfc n -1* ;n&g 

[»*^ 9 ) m^mmzttfa-tzmfattfafti:, 

j tti j eti'pfjL< th 1 ^©b 

5:#ty^l*5ct^2©e'tt«<h, ilfBSg 1 ©attB© 

2 ©attB©W£> 1 iictcxai 2 eiDfcjp (c*f b 

B?gB^ 1 ©megSr^J5ET-5XS<t> 

rnrfB^ 1 ©«&ttB©±lCjtfriB^ s» ^I*»ftt*Ii 

MfB^ -y ^B©±fCgrfBm2 ©^ttB^^-r-SlS 

'ptz< £*>-&-t>mmn 1 *«fc^2 ©^ttg©fttc. 

C©^l*3j;^2©attB{r^LT^$nfc^T 

BfifBSg 1 ©^14 B^PfiE-T-SXgtt. — ^©ffi*i*{fiB^ 
^ y,7 r BivEM&U ».^©fBH|»»c:^t*«#iaJ^^* 
tr^ 1 ©ISSSgB^B £» WIB^ 1 ©affiSR^S©^© 

ffitcs^sn, jgi©attBfccmt&3-^gB#£&-5 

mi©3-^B5»B£S:^bv fioiar|B^i©3-^ 
^«©!!^(6jB{iI©^gS&jgSf#:Ml^®*ve»8ttl3t'(a 

MIB^2©attB*^-r^xett; — *©B**ffirlB^ 
t'^ICBfiL. ^2©«ttBJC*5^^«MSS^*^ 

tf» 2 <DWMw>ftm t > mib^ 2 ammB&mv>m&o 
m \tmm $n, ^ 2 ©attB «c *s 3 - ^ j& ^> 

fg 2 03-^i»Iit*JMtU* fit?85IB^ 2 ©3-ir 
^B©j|«^l^{Sfi!l©®gR^j«#:^ifi]®*vf ) g8t l fcf(Jr 

ft. ■ 
cw*^ 1 0 ] mam amwm&Mtmmm 2 ©as 

fc. h7yi7miZ&L^<m&ft-?Z>ffift&'£tSZ.t*%f 
Ctt*« 1 1 ] iffiiBSg 1 ©1K@^B t iWfBSg 2 ©a 

zn. hyyzmizmv^m&ft-t&micDfflftt, m 



3 

H :7 yi/HSJ: 0 t>*Slr*«B**-r*iB 2 ©§&#££■&& 

am. 

m^m 12] hc, wesi i (omm&ftm t muw, 

b»R3 -f ^©d>«c < d: t>-»*.itEj(5 1 fommnftm 

i 4 ] mz, «riB^ 1 (aama-Mraflttric 
B«anfcj»«n-r;Kz)^< & ate* 

KO«2bSf«. 20 
[1^15] MBIin^MMtSIlIt f 

[M&fl i 6 ] jsic, men; 2 omm&ftmvMjjiz 
mszntcmm^-i )io'j>tz< th-uzm^ mesh 

a»2©3-^»»-M«©iifi*fciFSftshfc=i-r^ 

i smwmmmm^y pwtwm. 30 

; F*5^-^H-r«Jil*J:rflB2 0S'-JH«Jit**f- 

«©&«§&# .t mess 2 (ottttM®tt(fffi^-^omic« 
w-&ftfc=F* y^it. 1 *5«k 40 

.tf*2©«ttBffl|Hte. a&BSg 1 isitfSg 2 ©mast- 

MESS 1 *5«fc tflfS 2 ©«H4B© ^1 ©BttJDOTV 
it~\y H«fcBH£nfc»BS«&'V.y ■K.T*oT. 

msm 1 ©ffittBtt, -38FflE>ii3W»iWFir y ^mizmm 

L, ^ 1 ©J8ttStfe^-5lKffi^*-&trSSffig54)-Ji 

t, WEaag^B©<fi^©®c^$n. $i©«tt 



4 

6linfcttlfcBiSnTt>5J:i*»tit5iW8 

mum 1 9 ] NGOMff^jia. —mimmt$m 
\zmm.n*i.. h^yzmzmv^mtt-fz'&ivmtt 

fltTEmi©g|5^«tO i bJi«^[eiffitttS^fl!fK:EB 

*-&t»Jlt*tt*t-r*il*Hl 7B*©iSII8fiMa'^ 
H. 

MMBB2 0] H(C WEaSSf^BlC^Sn, X 
D-HA-f KSS^tSfcftoxn- HA-f hSJgffliSS 

lanA-y h. 

2 : 1 ] »i.3< Jl/04< £ 

WE^«a5^B©«*fcSBfianTV^lli*#IStt- 
£flt$gl 7&UU2 o©^-fn^{cE*©s»^m^\ 

y H. 

[ft&B 2 2 ] Mfc. WE«S^B©fiI*tEtt$ 

gfl!l©S36««rEKffig|54J:B tc*5tt-5* * ? 7JHW©® t 

2 1 E»©S9Kffl£tC\y F. 
UM9R2 3] E<MIH*£#lOT«tt^tiliB&.' a 

=?*~s—)V FT £>Sg 1 * «fctf».2-«D J'— )V FJf £ £WT 
Hi, 

Sfr»fc«3IMlca0&3*U liftEjl&tfftr^BiiK&^TS 

com ^tsw, 1 *5 «fc zm ,2 ©ffitts t < wesi 1 ©mi* 
w©aw*i»ti»E«.2 <Dm&m<?>mm&ftii<Bmzm 

Zfm 2 ©ffittB ©Ffl WE^ 1 43«t 2 ©fiSttB lr 

tJEm 1 * &ztm 2 ©fi8ft@© o t>. tki aw&Mtm 
Zi^y VMizm^nntcBWmm^y H©jSiS*ffir* 

oT, . • , , 

tasm 1 ©mttJi&^-r sis 

m&m 1 ©fiSttB©±fcwE^ y y ^ps»j«-r*ie 

t, - . , . 

ME^ * y y«©±tS9E^ 2 ©ffiSttB^^-T^ie 

>>iz< t 1 *5cb^2 ©mttg©rat, 

c©m 1 *«fc^ 2 (Dm&miztt LTS&»anfc«sgT 
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{hA. 

MfBSg 1 ©«tiJi£#j(fc-r SISBU -^©a^nata^ 
i'-v^tcBISU. Sgi©«ttJf ^;:i5^t.5^&Sg&#5"g• 
fl. Sgl ©^ttji ^c:mt3^-^gB#t&33-^s$#• 
[ita2 4] mmmmmftm\*, -^mmt^m io 

g^^-T-SXS <h 5fx,fc £ t *1#g5:i:-r-Sif 2 

3&i^b 2 5 ©vi-rndvtrfBKo^am^^ K©«it 

Tti^»clH*©^EjKm^;^-y K©Mjg;£ifc. 30 
rt4#att^»*i«2 7fBtS©Sfffitfi*»^;/ K©« 

[^©t&fflfclfcHJ!] 
[0 0 0 1] 

[fpj©/g-r-s&ffi#i?] #3snjira, 4>&<i*>ss^ 

««^&?!i^5#T&i£Slfi&$iAy K*;J;<y^©gJj£;£ 40 
[0 0 0 2] 

St («T. MR (Magneto-resistive) -hfeiHt". ) ^ 
[0 0 0 3] i^l^T. BBfif\y K©ttjlg©-5^. mm 50 
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^T^-©±T{cPsE$nfcTgCM*5io:±SI5mM© 
X7^7 U >#®T©i|S5$c$ ^ n>fr e>-9-:/§ ^ D > 

*|J/B Stress. 

[0 0 0 4] ^^T, 12 6fi^LH2 9 5#iSL-T. 
fie*©*KffiS^y H©»it^©-^J«hbT, 
MHBAAy H©Mjt^S©-M(COliTittBJ-f^. & 
43. 02 6&l^L-02 9k:i5V>T. (a) llI7^7U 

ytfmizmmtzmM&^h. (b) te&@g&#©xr^ 
[0005] £©$3jg;s*rm. £-r. 02 6[cibt 

&?iz\ Wx.\S7)Vr-< y t> (AhOr Ti C) <fc0 
&-5S&1 0 l©_k{C. ■CajA.«T;W5^- (A 1 2O3) J; 
O&Si&eiftJIl 0 2 5. ^5~i0 ximg^©|p^-r*i 
flTT^. #»;r. Iggfl 0 2 ©±{c. mtt#^J:0fe-g) 

B^^y Kffl©Ta^->-;i^ 103 

[0 0 0 6] ^{C. Tffi~>— )V K1103 ©±tc. #1*. 
&T)l5.j-$:l 0 0~2 0 0nmOj?*l;x;l7^Sa 
U itItLT©T^>-;H^^t7/^l 0 4« 
*rr-5„ i^fc. Tg&v'-;i'K*^;/:/ffl£l 0 4©_kC. 
B4ffl©MR*fl 0 5 5. m+nm<DB?)-\ZMl$.-r 
Z>* mz. Tmis-JW^rvymi o 4co±iz. MR 
»105 ICf»fl9l:gg$n5-M©iSI 1065 

[0 0 0 7] *!C, TSB~>- ;i^*^y:7*Pll 04i5«k 
tfMRiftTl 0 5©±C bT©±gB->-;|/h' 
^t^^ll 0 7£^JE&U MRsHf 1 0 5 5->- ;P H 
^7^11 0 4, 1 0 7 fKHzMM-tZ. 

[0 0 0 8] )k\Z. ±M^-)VV^vfmi 0 7©± 

K®gtiB-r. ) 1 0 85. ®3 um<D&?t-\zmtf?r 

[0 0 0 9] ^K, 02 7 fcjSL&ipfc, TgR&SB 
1 0 8©JtlC. ^t^, CT^«T;U5 ±|g«J; D 75:5^ 
^7^110 950. 2 Mm©Jp^tc^fiE-rS. 

jc. ^gs^fig©fc«e)fc. fBS=¥^ y 109 £g&##j 

Jcx.y^>^bT. a>^^/ h^-;n o 9 a *Mt 

^tr. mm&ftiz&wzmmX'ryT'mi 0 9©_h 

fB^-\y Hffi©att^«t t> fc^SB&^y y 1 
105. 0. 5~1. 0/tm©f*i:Mt5„ i©t 
#l^^ffX, aSS^©fc»e)©3>^i7 h3}>-;H 0 9a 

©±fc aKjgfig©fcie)©att^^^7S-sattBi i 

9 5Pj6£-r&. 

[0 0 10] ^tr, 02 8fc^bfc<fcpfC. ±§P^S^ 
IB^r-y^Hl 0 9tTS|!KgIl 0 8 5x>y5 1 >^ 
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t-5. 028 (b) (c*bfc«t5tc ±&mm&ft (± 

10). E&^t7^Il 0 9*3cfctfT 
gBfl&HBl 0 8©-gPro#<BIS^*(CgBS^W^^ 
J5££nfc#ligkt. MJA (Trim) Mittens. 
[0 0 11] 'A\z. £ffi\z. WA.\Z7)l5±Wk£.K)tzZ> 

mmm i n*. ^3um©j»#-{;:jgjjrr-5. ^ic, c 

©S&SiJf 1 1 l£. iMIf-^l 1 O&JcOMJl 

1 1 9©^®fcS££Tfl«LT¥S;ffc;T-2>. 

[0012] ^c, y-mtzntzmmm m ©±k:. 
mfcss (cu) ^r)fs.^mmm0?im^ Kioii io 

Iicign-f^l l 2^»fi£-r^.o ?fclc, 1 
liJiiLto-OH 1 2©±£, 7* h^Xhll 1 3 
£> ^©/^-Mc^ffc-fS. x^hi^xb 

111 3 tD&mzw-Mttzfc&izffifetDU&^mmw 

?Z>. Mz. 7* NU-vXhJf 1 1 3©Jb(C. |g2 gg 
©»l3-fJH14SM«. X*hl^Xh 
Mil 3*5i^n-f;H 1 4±\Z. 7arbVi>7, Ml 
15 Sr. 'MZ. 7*bW 

xnn 5<Dmm&¥-mz-T2>T£iibi,zffiig;<D&m-cm 
fflffl-r*. 20 

[0 0 13] ^iC. 02 9JC*LfcJ;-5JC. -LSBmffi^ 
7^110. 7*h^hI113, lUMffl 

14^1 1 9(o±\z. mm^y Fmom&mm. 
-vp^io&sxgBBMfHi i 6*»*-r*. ^tc. 

;l-3-hIi i7SMt5. S^lc. -hfaS-JfSr-g- 

F*^trtHWB*Ay H0X7^7'J 1 1 8 

MHBft'Vy F#a*T*. 

[ o o 1 4 1 m 3 o « v 0 2 9 tc* i/fciniMA? f 30 

©¥®0?e&3.> &i5, d©0-T?fcL A*-3— hjf 

[0 0 15] 02 9 (a) K^X, THIi XP — h 
A-f h£3tU MR-Htt. MRA-f h^gLTH^. 
xn-hvyf hfcttv 2o©E8®Jia*fBg^y 

A^Rttfll©^*-?©:^;* (KS) £tAd. Sfe, 0 40 

2 9 (b) fc*5l^T, P 2WI1 ^a*irr^:fc^fB&h 

SgS-hbT, XP—F/Vf h^MRA-f F3£©ftfiK:> 
02 9 (a) (C^ViTeT^bfc^'S^X'r^^^XT 
> if)V (Apex Ang 1 e) § „ .." H © X-f ^ £? x 7 > 
£0144. -7 * h I'v'X M113, 115 TSfcnTlU 
ttK&0±rt<c>;fcn-f;i'g&# (jy.T, X-f^-y^XgB.!: 

ms. ) \z&n*mmm<»wm(Diii?x>ik%ixm.mt.m®i 

[0 0 16] 50 
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sip]±$i±^)tctt. 02 gtc^bfccko&xp-hA-f 

MH, MRA-f FMR — H. X-f ^.y 9 7.7 > if )V e 
43ckO«F^-.yi7<lP 2W£lB»K:»jacf*c:iJ&«a 

[0017] mz. m.mi~ iSs^iBS^piffitr-s 

&»fc.-..h5v*«.P2Wfcttl. .0 um£4T<D1j-^S 

^ p >^m#g#£nx^&. ^©fc*t;:¥ig#:*ox& 
« u-ctsa* ? p >TMSfcjoi-r *« 

[opi8] ht, pgsta^roit x-f^^^xgg 

[o o i 9] t^x. iMmmm^^t^mhi, 
xm mz.it, Mmw- 7 -2,6 2 5 i 9 : ^«tc^sn 

£&£ffl^X±gBS&SJl£^JE&-r S«£tt. X 

■5»t>SffiBS&. mtfXAy^U XEMfc-T 
^:(c, ^©±^-7* bUiST. FS&ffiU y* b 'J 
y^77-f Xg£«J: D/:^-x>if,bT, a6o #©#:# 

[0 0 2 0] X-f A^^XgPtffiC5gB4)-i:X 

tt. «A.«7~1 0 tim!ZX±<Z>&{&mfr&Z>. C©X-f 
7* hl/i^X h£3~4 tfm©J¥^X 
m^T'S. X-f ^y4r^JB±-®7-* h U'5?X">©iUP** 
%@3 itma±£>g?S4it^i:. »tt©*^)7* 

©T3trXtt> ^i^.«8~ 1 0 (imHlffli*i!)7* h 1/ 

[002 1] ±m<D£?\zvy'$?u>-$m<Dmmb y 
vS7m*mitz>\z\*. 7* b bmiz^x^y 

X-f ^yi77ffi±-C, 8~10#mH± 

h i/^.HBtickoT, ■y-y's £? P > 

[0 0 2 2] b*vfc, X* hUV^?7^ ©S^lC, 
83tffl©**^ t LT©TfliWlT5li U 

Cl©S#?tefC«toTfeX*M/^Xh75^5tbT, 7* 

buz;* h/i^->©<--rn^^-c, ->^-^OiE 

[0 0 2 3] ^©.t^ir, «£5tE«, 8Wi«tU-!/5i>n 
HJSt (C^: ^ t 5 o It. 
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[0 0 2 4] Z.<D£5fcZ-tfr*>. -Lxg©?E*0!l©l3 2 

mv7v2<»T&mz.m®u±mm.?-v-7i i o\z^ 

T» 1. 0/imOT»h77i'(B5;MLm Cl©± 
MS3^:/1 1 0£«i^£n£3-^gR#£fr£±g|$ 

mmmi i 6*^-r2.^fc^ffl$nTv^ (#psbs 

62-2455 0 9 #&$g, WW© 6 0- 1 0 40 9f 

1 Ota-^gfcft-t&^g&SHSJf 1 1 6<h 
(C^fiJT^C ilCfc K>. Eft h7>y*41£tfejrrs±& 
fiBS^-y^l fBfi^-V-yyjf 1 0 9©±©¥*S 

&®©±k, ^mmmmz^-t^ z. himmzu 

[0 0 2 5] Sfc, #P§¥6 - 3 14 4 1 3^&*gfC 

[0 0 2 6] Lfrvi3.&*>\ m2 9\z^vtcmmm%^ 

V KfC&^Tfe, #§a¥6- 3 14 4 1 3^ffifcH^ 

©5fc^®«xy^TU>^ffi»c^tBbTV>3. -?-©£ 

[0 0 2 7] #B8¥6 - 3 14 4 1 3^£r«£gg 

&ffi»© 2 -OCDJ1 -hTSMBliJi© 2 :2©)l©-g-§f 4 ~Z><D 
■®tt««*b < MStlTtr^. £ ©J; 5 CStK^C 

*3 ^Ttwm l, < & * j: 3 \z 4 oroe^^-r £ 

fc^fc> mMmft\z&nz>4'z><Dm(Dm&mv<i3iZ>j: 
3 iz4^am&~mi>T^v^>i?-rz>j3iiktf^Z-*>ti 

[0 0 2 8] l,frV?3.&t>. &m<DWf$M\Z$>\,*T&m 
[0 0 2 9] fgVTJiy^ytf-rZ 

•p©JI©&@g&»-©fMK£««ck < ifcrrs <h^l&L 

[0 0 3 0] «£3fe©«8HDBIa^ KTtt. fi&ggft 

(Yoke Length) &m<-r2>Z\£&mm.-C$>Z>t^om 



-OHfy^SRO&OJvaK l/THoti^, XD-N 
/W h-fc?n&M (xo-b/vf h£&5£-T5il&gdI©x 
T^\T U >^ffi^©3ffip|5©{&!lt) *>6 3-f;KoH«*S 

tSoTUfc. «&S§g«. ig©n-f;p«to«2S©r] 
^©^^T^-SCi:;^, £•< ©ii5^i£;B©12@ 

10 3-f;WB(Di»»R**Hfrsfc*te, 7*-hUi>XM8 
Sr*<J2 MmWJf^T^bTV^. ^-©fcJ?K lfg® 
n -i" ;i/©^Jl$g tc tt &/h $ &x-f ^ y ^ x ffi 
3&^fiK$n-2». X.IZ. *rV>±.\Z2m®V>m )V*Mf&T 

» exP- h/W h-t£n&g©ifig£-C©iE8lT&-§ 
3~4wm©SBtl©2te (±&®@J1 <hT$BfifrtgJf<h© 
n>^^ hgP*^3-f;H^^*T©^f!lfe3~4Atm 
) C0 6~8 Mm^g-CfeS. £©r3-f ;|/fc^J^ 

[0 0 3 2] Z. mk.& 3-nMDm<&& 1. 2/j. 

m, X^— X^0. 8 AtmCDl l#3>f ;i/£r 2 W^jeS 
30 -r^«^S:#A^. ^O^. 02 9tc^bfc«t-5{C» 

1 11©^^ ;n l 2 c^is-r ^gp-^rog $ ttii. 2 

MmTN&So fiSSSSfcfi, cmtCjDx., lWBW^-fJl' 
11 2<D?\.m5%3sJ:Zfftm3&J:Q* liS©3-f;H 1 
2 SrSfiife-r&fca&^X;* h P-v'X M113 ©S^gB^T 
©legglt l/T, 6 ~ 8 /imOfi^Mgfcas. t¥ 
ot. 2~1 9. 2 Atmt^cS. ^fc. 

*>H l#3-f;PSrlP7f^-r2)t7iSi. as§g« 
■ 2 7 . 2~2 9. 2 nmtiSiZSiSi&i *tHS7?tt,' «8 
40 8&g£. 0 2 9 ICcfeViT^LoT^Ufc.t 'pJC. ffitH 

[o 033] ^^(a^^s^s^ic^T&^n&fe 
©t, ^-©^i©e«itt, M^^«a^^©^ffigB 

^«£W©««^©f -^©s^^^&Bt^r s d ts&t 
•?%2>&5\zvr£mmm55.'\y p&&zf j t<Dmmj3&& 

50 [0 0 3 4] #3893©fii2©@&<jte, ±IB^l©BW{c 
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[0 0 3 5] 

BWfcfclSSn. &##ft®{fflf::43^X5^fc#l«]-r3 

-tn-en^fcx t & 1 ^©BSr&tfSi 
i43ct^2©^tt»<h, mi©fisttB©mssK#tm 

2 o«HtJi©«S*4i-t©IWk:»»5nfc*ir y 

t» 4>&< tt>— B&&*SSl:i3«ktfaS2©BM4B©IB!lc* 10 

£ nfe»i3 <i frii&ffixtcmgkmis.'s y o x, 

STSlWfiBttBtt. -#©ffij&*¥*v:/BK:lR&U *1 

js i ©^ffigp^B©^©stc^$n> m i ©«&ttB 
c^ss-^gg^-tftssfs l ©3-?g&#® ££*r 

ttBlC*3W-£3- £i8&#t&£SS2©3-:?f&#Bi£ 20 
=frb. SfSl©3-T-£^#B<h$fS2©3-^#B©&& 

micieM^nTii-5t.©T*-5. 
[ op3 6i *mm<Dm i ©*^^>v 
it. mmmmzMfa-rzmmmffit. m^zm^miz 
muzz tiv m#ztm mm fc* v>xs v> fc*t rai-r ^mssB 
^n-ifn^ < £ $>.i o©B£-&trSfs i 

tfSg 2,©«ftJS <k» I I flWBttJI©««*»t« 2 ©a 

i4B©«Hgg&#<h©Ppmc^tt e,nfc^^ y ^Bt, '>ts. 

<h>b~m*&li5£.Zf&2<Dm&m<Dffllz. Il^i 30 
tfUS 2 ©SHiBK;** UX^£nfc«liXt8!W <=>*T.fci9 

oT. H©attB<&^-r^Ig£. HSl©ffiBttB© 

i^^^B&^-r^xet. ^^^ys©±d 

.fctflfs 2 ©BSttB©^, uffl«l*^2 ©BS14B 
)V*WaSrtrZ>1Mii , 1 1 ©attBS:^-r 3X 
^3&®gB#£:£trm©fiBffigB#B<i:, 161 ©&@ 40 

»»B©«to&!©s5^aaK*n» sfsi©«3ttBK*;tt53 

-^g&#<hft&Ii©3-^#Bt£l^U lo^ 

i ©3-i7e5^B©«^iS]®{M©«a5*a?#^i«]iii^ 
<=> gsttfctefi ksbb l . jg 2 ©ass * mi&~? ^ xe 

tt, -^©BA^-Vy^BCBSL. ^2©mttBfc*5 
tt&fiMlS&#£^trgS 2 ©&ffiSB#B <»:. 1 2 ©ESgg& 
»B©^©B«c^^n, I2©«ttBlC*3^33- 
?gfr9-<h&5l?S2©3-^#®££^JG£U Kzom2 
© 3 SP»B©!«#:^(Slffi«©^S55: 6» 
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[0 0 3 7] *KW<Dm 1 ©SSfflH&M^ H^fctt-E-© 

nmxm-ett, m 1 ©&ttB tiss 2 ©ssttB^Ka® 

gBftBta-^S&tfBtfcWU J.^&3-^gfcfrB© 
^^[6]ffi{B!l©^gP«ji«#:^[^®7i^Binfcfi:BtCiB« 

znzo-e. 2r><»mmmftm*mm.£.<Mm?z>z\iL 

B©j^»lBl®ffl©«BPttfflM*:»l6lHd> SiWn&ftBIc 

©#^^*^ih$n^. 

[0 0 3 8] *5£W<DWi 1 ©BiflHBfll'xy H ££«•€•© 

mm^miz^x. m 1 ©Ksap^-Bt^ 2 ©shis&# 
Btt, -€-n-?n> -«^«E*^iSi®JvEB$nfc, 

[0 0 3 9] *9£W<»m 1 ©»^fi8gt^^ HSfc 

«^©©B^fc*5^T, Sgl©SHlgE#B£S§2©ffi& 

y ins* o "b**^**.^rr*.* 2 ©ffi^i**^^ 

[0 0 4 0] *5BWO»-l©Wna»^y H*fc 

tt-^©$S^i*tc;*ViT. $B 1 ©^ffigg^Bi^ 2 ©BS 

@§b#b©— *fc»«s«, xn-hA'f t>*arrs 

fc*©XP— h/W h^ffl^B^'R^-r^^BJlK 
*fl«£; *fi^BitX^tCiR^$n3XU-h/W.hS3£ 
B«B»B£*«»T!bJ:V>. 
[0 0 4 1 ] Sfc,, *»9!<Z?*l©«WHBft'sy H^fc 
«-f-©SSit^i*tC^^T, M3-fJKO^< £t>— 
fill ©aSSB#B©«:#Kg2B2nT^T*>«fc<'>. 
^©»^irtt v »i ©»SaS4J-B©«l*»cSB$*ifc* 

m l ©^^Btc*5^-5^-v y T'Bfi!!©® i^tc^FS 

[0042] sfcv ^m<Dmi<Dmmm^y h**fc 

tt^-©SSiS*j£C*ViTv *ffi|3i';i/©^< £t)-g5 
tt, US 2 ©fiSffi^B©^{CKB$nTViT t>i V^o 

c©«^ic«, m 2 (om®.mftm<DW-%\zmw.is tit^m 
)ia>$>t3L<t%-®&m»s m2<D3-?i$ftm 
moM&m 2 (Dmrn^ftm ifzm 2 © 3 - #ffi#m 

[0043] *??i©$2o»ii^7 mmm 
mzzifa-rz>mw*i&mt, m^&inm^t, mumim 
mmo-mmm.is.VimT s«t p.icbbb 

^n^n'>&< t 1 ^ois^tf^ 1 *<ttfi 

2©^ttB<h. Jill tlB 2 flWKttB 
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ss&b©?*., fti (DM&mtimsi'w h*#j^i2fi$n 

KT&oT. ft 1 ©&«««;, -#©® 

[0 044] *&We>m 2 OMtaA'S y F ©SSift* i* 
firrsjt-siciEiisn, ttM£MBR?«^-^-H^-«]R 

©^^■&tr^i*5j:^m2©attst. miv>m&m<?> 

»©Wfc, ft 1 *3<fctfft 2 ©MttBKtt LT&i&Stlfc 
mm^y KfccfcUT, ft 1 iSilXft 2 ©«8t£g©5 

ft 1 (Dmam^m^y ^mtzwmtstw^. 
[0 0 4 5] *&w<D&2<DBmm$i.<\y h ©saigas 

tSIgt, SI ©«ttg©±fc*Vy^S&^J«-r-5 30 
IS £ » ' ■ * ir ^Jf ©± left 2 ©S*tt)f *PBEf -S III 

£, 'Ptz< £*>~m*3& l&kzfm 2 <Dm&m<o ffliz. 
£©ft 1 43J:tfft 2 ©l^ttHi;^ LT*&aSftfc«agT 

ft 1 (Dm&m&MrfL-rzjimiz. -^©®*^-v-> 
^■cinttu fti <Dm&m\zt$vz>mm®ft&<stsm 
m&ttmt. mm&ftmvmijowizmwtzn. mi© 

m iz * # 3 3 - ? t fi z 3 - ? m & m iz £ w& 

®>5^«nfc'(2:g{rEa-r-5 i b©T»-5. 40 

[oo46] 2M£9j©sg 2 owmm^y K £fc«^© 
§?ig;tf£fcTtt. fti ©«ttjia^sgB#»£ 3-? spa- 
ll <t u nftmv>mfc$$\mm<7>s%mz 

$#:*fl«l®^e>g|ftfc&efcEM£n-5©-?. ftl©m 

tgfCfcS. Sfc, *^BJTtt. 3-^#Jf ©J£#;tt[6] 
ffifld©«gB«^#:M |p]® "E>8ittfc&@ JCiBg S *l<5 © 
T; fe^^^«^©^^©^-*©#^&^ 

feifc^n-s. 50 



8 V -y 

14 

[0047] *ftW0>m2<Dnmmf«.'\y h**fc«-e© 
a&&ttic*frvr, sagged -mtfimmtfomtz 
swantz. b^vzmizmv^m&m-rzm&ifSAj 

[0 0 4 8] Sfc. *^5«©S2©IIl^.yh^fc 

frBtcsgsn, b7v?mizmv^m&ti-?%>mi<D 

«»£, ft 1 ©atehfc D fe!«#:^[p]ffi£«K^fflfcBBS 
*n. h5^i7*i«i;Dt>^^i|is*=ft-r-Sft2©gB»i: 

[0 0 4 9] *S!BJ©ft2©ji^fiS^>y h'^fe 

\t*(DMmjjmz&^T, mmztftmizmffczn. x u 
B^iR^fSiteatsjRiwaKt:,. mmmiRMmziGLMzti 

[0 0 5 0] Sfc, *5gW©ft2©^pm^^|iSfe 
tt-€-©©jg^tC*ViT. IRa-fMM< £fe— 
tt, Kffig5^H©fiO^'lci3S$nTViTfe<i:^i. ;:©* 

^•ic«, ttsas ^*©iK&(cead titzwrn^ wi> 

[0 0 5 1] 

xmm^m\^Tmm\zmmt^ -•••■■s^,, 
[fti©*is©jgii] s-r, Mi/ft^b09^#5au 

T, *^^©ftl©HJg©^^^»Mm»^y K*3 
J:^©$Si§^«co^T6Kiq-r-5o ft^Hl^U 
W8fc:*5tiT. (a) texy^TU^ffiCHit&Br® 

(b) tt^^©XT^TU>^®tcSFfr^: 

[0 0 5 2] ^iSW^lc^^^MSSa^^ H©Sig 

(A 1 2O3 • T 1 C) iD^ifilClic, M 
(A 1 2O3) J;D^:^iB:«2*. : *95 

©iP*-T*a-r^>. #.\z. $mm2<D±.\z. mutm. 

S3*, *5 3um©JP*.tc^-r-5. TSB->-^KB3 

SCioT, «fi^:B2<©Ji(c^WfcP^-r^ < , 

«^«7;P5±«kD^^i^B3 i<&, m« 

4~5 umnmwzw&x,. mz.ttfc¥®tmm 

T. CMPiiB-f. ) Ci-DT, TSP->— ;H<»3*tg 

[0 0 5 3] Wz. TgB->-;i/h*S3©±lc, ^&K£ 
LT©T85i>-;P ^14 *r«»J^«ii8«j 2 0-4 

0 nm©ff^lc^T^>. ^fc, TU->^-;i/ H^^ y 7 
^4©±fc, B4ffl©MRSf5^ IS+nm©^fC 
BtiCtZ. MRjgf5ll XA'^CioTi 
fiK VtzM R I^*»S?W1CX >y >ift Z> Z. £ \Z £ o T}g 
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J&-f-5. MRff- 5 ICWU AMRSf, GMRi 

Tft&.'Xe. T»5'-;l'H*+y^il40±fc, MR 
mrof^CM-rs. &1C. T»'>-;WK*iry^ , Jt4 
^7^17^ «*tttt20~40nm©ff*fc»J« 

i7*-#> (DLC) ^rt<*>-5. ->-;PH^+-y 

ft*WI<WBl£fi (CVD) SlcJ;^T^LTt>«i;i/^ 
.7^5 ^-R«t D v— ;P v 7m 4 , 7 £ C VD 
ftlC«toT^-r^«^-lC«, ttmt bTtt«*tf h 'J 
^?;PT;P5n^A (Al (CH 3 ) 3) feirXH202: 

-;U05^V^>-JUH^-f 9^i4, 7 ^fST^ - t 
^nltEtife^. 20 
[0 0 5 4] &IZ. JigBS'— ;Hs^^y7TK7©±fc, 
«&tt#i|Sf> vn-f «!:»)&*. »4v;Kffl© 

Jigg->-;i/HB8 £, MHiXl . 0 MmCDJP^IC^-T 
S. 

[0 0 5 5] _tgBv — .H'FJf 8 W^<y 

;P5^-«fcD^-5^K9&, MZttO. 1~0. 2 Aim 

[0 0 5 6] $i\Z. 0 2{C*bfc<fc5{C» SfigtBI 9 <Z>_k 
att«ipflC«fcoT, gB^^h*fflOTgP®@Bl 0 30 
fcfett£3-^g&#.h;&-53-^gB#Bl Ob£r, 09k. 

«8®B.10«, cca-^iiobt, «i£T*GB 

®sb#b i o a is j:tfg^g&»B ioc t -zmmzn 
fflt. 17^7 u > 3 o & n 

[0 0 5 7] 3-^gg#Bl O bit, N i Fe (N i : 
8 011%, Fe : 2 011%) &gS?n®t3iiE^ft# 
fiTWNlFe (N i : 4 511%, Fe.: 5511 40 
%) m^m^K #o£&»c£oTJE^LT ; fe<k^U £5 
tafn&*&«$mT?&-5FeN, FeZrN§©#«4; 

mfammj&®g.%m~e&z> c o f e . c o jr-t^.*? 7 

[0 0 5 8] ^1C, £#1C, OTAtfT^a :>-.}: DftStt 
i»kB£, &2~3Mm©»*K)§5f£U fi»jK.«CMPfC 
iol. 3-£SB#Bl 0 b*iSia-r^STW^bT. 

Cv 3-^8B#® 1 0 b(DX7^TU>^®3 OffiijOSg 50 
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gB*^X7^T'J>^®3 O^-CWgS^-fC&^T, ffi* 

i&9©±k:s&»bi i«*$ns. iM9o 

[0 0 5 9] 03»C*Ufccfc-51^ *Sig:B lit 

3-^gu»B i o b(D±\zr^mmm 1 o©b*ssi5#b 

10aSMt5t*t. 3-^^® 1 0 b<Z>±lctt 
S^gfcfrB 1 0 c SMtS. mm^m lOatJ, T8B 

sfii i o \z&v2>mm&ft&$ts. mwtuftm 1 o c 
at. ^-r-&«M3<;KD*i>©jfi^©fisicieg$n 

3. &SgB#B 1 0 a t&i^gBtfB 10c ©JP^«. ft 
Atil. OAtmfT-5. 

[0060] tsbbbsb i o (omm&ftm 1 o a *3«ttf 

g=$*Eg&#B lOcll N i F e (N i. : 8 011%, F 
e : 2 011%) RtS?nm^SWifsf-efe-5N i F 
e (N i : 4 511%, F e : 5 511%) «?£ffl<^ 

tlfifSKoFe, CoST^l^rX^Srffl^T 

[O 0 6 1 ] iBaS^I 1 0 a©±Bffl5%, Tft 

IOXP- H1fnfiS^f,x7^T'J>^'S3 0 

l£0. 3~0. 6 jumi^ttX^^>^t"-5. cnic<fc 
D. aSSB^Bl 0 alc*5^T> XD-KM>*att 
tA^l7^7U>^I3 0 htefcMMOUMz, 
t5XD- HA-f h&Mfe-tZtcltXDXU— hA-f h« 

«ffl«agt®*iRiwr*if6«BJRiWsi5 1 2^fig$n^. 

[0 0 6 2] 'AiZ, ±mz. Mx.i*T)\<5--}-£ 0^-5*6 
ftfll 3 Sr. *52~3Mm<DJ¥^(C^L» 0il^.«CM 
P t«to.T, fiSffi^B 1 0 a*it/^gS^B 10c 

i^bfcj;3i^ tmm i 3<D5-6. jft^BJR^esi 2 

[0 0 6 3] iWC i4C^Lt±5l:, ^(C, 
0 . 15 tfm(Dll^tC^-r-5. ^M^r v zffS 1 4 K 

7^5x^7 a. is v a is »j a >mtm 

^-f-V ; E>H5,-f^*-#^ (DLC) 
^. i2&^^^^Bl4tt. 7./^y^&lC«koT 

»Jtl/Tt>J:V>U /ft^W^ffldoft (CVD) m\z&-D 

1 4SrCVDi*fCj;oT^-r^»^{C«, «^itT 
tt«A«MJ ^7)V5=4A '(A 1 (CH 3 ) 3) 

[0 0 6 4] ^ic. mss^cofc^c, ^-r-s^ign 
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[0 0 6 5] ^C, IBft^-f y:/Bl 4©_hfc, 71/- 
AJe>-p^S(CctoT> «^.HWJ;0«:S»llt3-f;Ki!)» 
1B9$#1 5£, 0O*.tfl. 0~2. 0 m©jp^:fej; 

txi. 2 — 2. oum<Dzif)v\iy9-^m^t?>. mm 

=t-f)V<Dm 1 BSB# 1 5 tt. »i^g|5#B 1 0 c 
L-T#|5|$tl^ct3»C^Sh^. ft*, Ht». W^l 
5att. Stil3-1 8 ;POJBUi«^1.5*«4-r**2Ji 

»«3-f ^©IglBSfcfrl 5*H3«fc5JC7 s l- M/v'X 
hI16&Mt5. 

[0 0 6 6] *l;r, SSC^Lfect^C, gg^vyy 

t^T, iES^ <y 1 4 ©.tf;:, -hgBfifcUB l 7 fc* 

17 a Z.(D 

t%mn\z. zi>?t> h^—)v 1 4A©±{c^gis#jf 

1 7 c"*#jfcU S$iri-i-;u©S?iljfgB#i 5{c*tf-5 

i5a 1 8 zmitctz. asgg^-B 

i7a, mm^ftmi 7 c^z^mmmi 8«, i^dss 

i^gB#B l7clt TSBStSB 1 0 ©&|&g&#B 10c 
fcttttatl*-. JbtHHHl 7tt, BCai^-Ml 7 a* 
±r«5«»»Ji 1 7 C i. fB«-r*3-^»»» 1 7 b 

[0 0 6 7] l 7. a, teWmftm 1 7 c *«fc 

tflMWl 8tt, NIFe (N i : 8 011%, Fe : 

2 011%) ^. ffii^%|EeA*m-?&£N i F e 
(N i : 4 511%, Fe : 5-5&SX) '«£JBt*, # 

fi&*n«Dfc®*$mT?2&3 FeN, F e Z r N^©#i|5f£ 

X -y l/t;?te©/'? ^ - > \Z Mf& L T fe <fc (A. ~© 
ffiCfe. ilffllPlSf^T^iCoFe, Co3f%7 

[0 0 6 8] mz< 06JC^Lfccfc3»v. JBffig8#B 1 

«; «*«.• bc i 2> c i im<DM.m%kX%^ c 

F 4 , SF 6 ^(D7>v^^^CD^X*ffllvfeSlStt-r 

£>. Jfcfc,--«B'ffiSS#Bl 7 aCD^jati5ViT. &ggB# 
mi 7 am?ilT. ,m«T;Prf>^?tfxSrffl^ 
fc^*>5'J>^fCj;oT, TMlBl0©a@g&# 
Bl 0 a£a#?Wfc:£jO. 3~0. 6 i imgSl75 : > 
ybT, 06 (b) K*Lfc<fc5ftHJA#fig£:-r-5., 
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tSei^TtS. ft*, I7^7U>^I3 Ofcfctf 
1 7 a®fiiiBiS»ll 0 a®|«, B 

ttffft&JI 1 7 a©jlja»c*^T, l 7 a £ 

vx^ i LTGftFir 7^114 LMMMftm 1 0 a t 

fiKLfcTX^i^^ibTiSI^il 7 a, Sft 
TfeJ;^,, 

10 [0 0 6 9] #fc, 0iJ^«5';P5^<tOft-Sa 
-f )Vmm 1 9 ^3~4 Mm(Djp^.{c^t"-5. # 
»C, ^A«CMPJCJ;-pT, 5B@gB#Bl 7 a, mm 

[0 0 7 0] ^fC, S7tC^Lfc«fc3JC, n-DVimm 
19©±fC, As6o^ffitCj;oT, 08A««<fc'p 

ft3i§g|3-f;i/©?g2BSB#2 0£, fclAfcTl. 0~ 
2. 0 jtim©JP#.*<ktfl. 2~2. 0tfm©3-f^e 
v^TTO/afT*. *M3-r;i,©^2SgP^2 0«, ft^ 
20 gB#Jf 1 7 c*^fcbT#|iISn*J:5»C*j«sn 
*. ft*. 0tp, ^2 0ali. ^n-f^©^2ggg 
5> 2 0 £g 1 1 5 JC«^-T5fc*©^g?*^b 
TV»*. 2 0a «, 1 8 ^LT, % 1 g 

sfi)-i 5<Dmmmi 5atgi$ns. n 3 < 

^©^2SSS^2 0 513^51:7^ hUVX hH2 1 

[0 0 7 1] #cfc, S8fc^bfc«i;3»C, mSSS^gl 
7 a, 7* hUiSX hM2 1 *<fc«^S^Sg^g 1 7 c© 
J-gH8ffi®l 7©3-i7gS5J-i^^3-^g|5^ 
30 17bif ; Mli2. 0~3. 0#m©Jl^.{cPfiE-r 
-5. 3 — £SB#jf 1 7 b«, N i F e (N i : 8 0S» 
%, Fe : 2 011%) i!S&?nB!m^$mT»-5 
NI Fe (N i :4 51i%, Fe : 5 511%) 

m i\ * -o frfetc «fc Tttfe<D/%?->\zmf& vt *> «fc 

ftffifiHS^S^T^^FeN, FeZrNf 

SWMfCX >y ^ >^ bT3f^©/t^ - >{c^ LT J; 
C©ffi(cb, iiSiafom*^«WT*-5CoFe, 

40 m&<D&mv>itt&< 3-^s6^bi 7 b^, mmmom 

mm t v D -f « ©attB t (c fe Ita^ 

[0 0 7 2] 3-^gS^Bl 7b»I7^7'J> 

i^®3 0m©«8ggtt, XT^TU>^®3 OfrZMtltz 

[0 0 7 3] Jfc'lc; ^:#:(C, m^\-£T^3.f-^ OftS^" 
-A-3-M2 2S, ^J^.«2 0~4 0 um©JP^fC 
J^fiEb, ^©SffiSr-spS-fbbT, -€-©±fc, 0^Lft^ 

iO -f y©WSJUX<&fToT, fBS'v^ Hi3j;yt?|^y k 
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[0 0 7 4] 0 911 *^®&ffi£fllS!9ll£a&'\y 
FK&tt-STgK&ffiB 1 0 *J;Ot±.gWBSJg 1 7 (DMW. 

[0 0 7 5] *$at©»»Tsri. T&mmmi o&*m 

;i<fs 3 «*f6Bjt*5tt?.m i ©->-;u KBlc^J&U 
ji^v--^ fb 8 \**&w\zi$rtz>wi 2 ©->-;u FBK 10 

[0 0 7 6] IJLtl&BJLfcckSK:. MKojgtticffis 
bit. l3^^{C^r6]T^<K^|fi]S (X 
7^7'J>^S3 0) <h. Ht. fEg^y F 

tm^y f«, «i»tt?»r±pT«a»ic«»*nTv» 

■s. . . 

[0 0.7 7] S4A'yKlt MR*T5i, I7^7U 
3 0ffl(OrWMRSl? 5 *«EA/P*KSrr &<fc 5 
fcB«S.*U: MR 5 * ~>-;P KT&TSBv— Jl' FB 20 
3 :fcJ;tf_kg|5->— )V FB 8 ,fc&#bTV>*. 

[00 78] Eftfv^.Kri, sv^cfis^wtc^^n, 

XT^TU>y®3 Ofidfcfe^TS^lCpttlfirT&milgB 

tn^n^fs.< tt> i o©B£^trTaw&ffi 
ii o * jcuLtgfl&sji i 7 cne. 2 -D<r>mmm 1 

0, 1 7©^ffi^wraic^:^6tlitfBfit^y^S 
1 4i, ^<t=b-gS^cirL6 2 0©flSffiJll 0. 1 
7 ©KfC 2 ^©BSSB 1 0 , 17 fc**LT«*£n& 

3. 30 
[0 0 7 9] 1 Ott, -#©B Ctffi) #12 

S^fv ~7M 1 4 fcHH* U Tg&SSSB 1 0 \z& ttZ>m 

m&ft&stsMM&ftm i o a t. mw.&ftm i 0 a © 
mj<z>m (ts) cj&sg£n, tanks* 1 .o-ic*it« 

3-*g&#<hft.S3-^gl5#B 1 0 b fcS#bTlr»S. 
3-^SB#B 1 0 b 0X7^7 U >i^S 3 0 ffl©«SHi 
X7f<7U>^®3 OA^&flltlfc^micEB^nTli 
-5„ 3-^gB#Bl 0 b»l7^7U>^B3 OflS©^ 
H15^e»XT^T'J >^M3 0 *T(DgB^lC«v tfiM 1 
l^BBg^tlT^-S,, 40 
[0 0 8 0] ±gMSB 1 7 it. -#©B (Tffi) 

-y7"n 4\zm&v< ±m&mmi 7c*^si 

ffiBB#£-&trfifcffiaB«B 1 7 ai. i«^I17 a© 
flfcfcOffi (-hS) .ICttttStU ±SBfi&SBl 7»C*5^^ 
n-?®ft£.t$.Zn-p®ftmi 7 b££WUTV>3. 
3-;7SI5#Bl 7 b©I7^7'J>yi3 0#J©3SgBtt 
17^7 U 3 .0 ^SttafctegCEmStlT^ 
«. . ; : 

[0081] @9ic^bfc<t3ic tjmbsjii 
o \z*$ttz>mm&ftm loan -s^xt^t u >y 50 
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S 3 0 fc:E«sn. 'Ptt< £ t>-ffl*«lE« h 7 <y 
#UV»«**r-r«JISl©«»l 0 aii, Sf§l©g&#l 
0 a ilc43tt3X7<7 'J >tfffi 3 0 <fcttR*fffi|K&*g 
Sft, £@bh^y?igJ:9fc*^V>*i£WT£&2(Dgf& 
»10a 2 t^W5. Sfcv IKTOfrBl 0 a© 
IBS^-y^B 1 4fld©Blctt v XP— h/W b-tfnfe 
I*W<7'J>^I3 0 £ttK#M<Z)tt3-tCliHM 

ssl®w>i 2tfw$.nnT^z>. z\<»®mm$ufomi 2\z 
it. mmm 13 m9-c\tmmit-r) ©-gPTS-sxa 

MTU *6iB:BiR^g51 2©X7^7'J>i/ffi3 0{SI© 

[0 0 8 2] ±Mg« 1 7 ICiJttSfiffig&tfB 1 7 a 
tt, -S*tl7^7>J>^ffi3 OlClHB^tl. S3Sh7 
•y^ifilCl?bt»*S^*|-r^mi©g5^1 7 ait. fg 1 
©g?#l 7 aifC^t^)XT^<TU>^M3 0 <tteK*l 

Mtcxite n. tern b 9 ? 9 *s<t o n«*=rr* 

|g2©gB5)-l 7 aii*^A/TfV»*.. ' 

[0 0 8 3] £fc. iMW?W > A'«Z>lRlJiS^.l 5tt. Jb 
gglSffie 1 7 ©S31ig|$#Jl 1 7 a©ffl*l;fii$nT^ 
^lBg5^15«, 7*M/yXMl,6 t3-fil/ 
9 £lZ£-3-cmt>tl, a-f^itfl9tp±I 
tt, ail^Bi 7 a0±Bt^(;f«k$ntn5.. 
ftx, J:©n<;w^Bi 9©±ic»^3'f^©^2 
BSB^2 0*iPfiKSnTl^. 
[0 0 8 4] Sk±i&WlstzJ:v\Z, *H^©^-Ctt, 

Tgg«ffiB 1 0 t±mmmm 1 775?, ^n^n, ikssp 

^I10a, 17at3^§l!»I10b, 17bt«: 

*#tfisai»ii 0 a, 1 7 a*aa»c«««t.<^ : 
r^c<h^Bjtg{c^«»„ *^js©^sith &3 

— ^SS^BlOb, 1 7 b©I7^7'J>^I3 0«© 

5iggi5«xT^T >j >y®3 0 ^e»nfcffisicE@$n 

B 3 0 ic«(t« JiffiBWI 1 7 ©affiSB^©*i<!:Tg|5a 

10a. 1 7 aiScktfS— ^g6^Bl O b, ,1 7 b©4 
0©B(CO ^iTTtt^: < v m@ffi#m 10 a, 1 7 a © 
2 0©B©*-tCO^Tfi8SgP»©«^b < Ttl«J: 
^. t^oT, *sfe»©»IBfc ±n«, ±ffttCJI 1 7 © 
affiSB#©*S<h~FMIB 1 0©fiSSgB»©1gSr^U< 

±©C<h*v6v *^Sfi©^l8<rctn(i. B*k^yH'(» 

&»im\ztzz>. . 

[0 0 8 5] *HJg©0S8^-«tn«, §3-^gg 

»I10b, 1 7 b©X7^7U>yffi3 0<ffl©3gB55: 
I7^7U>^S3 Od^fUnfc&etciBgbfc©-?. 
IB^-r^^ffl^^©®^©^-^©*^^ -T?5: 
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[0 0 8 6] i^5T, fie*. E»^yH©T8KK«« 
«8a^y h'TIl E»^v KK*tt-6BB»»f^Oita 

[0 0 8 7] CflKtfU **»©»IBTftt. 
F©±ggv— ;U KB 8 t'B»^y -HOTRHNM lOi 10 

R*^5fcj*-r*»»t«i*r*j:t35*Tf**. jet, 

#Hi6©^fiT«, TSKSffiBl 0©3- ^SBft-Jli 0 

3 Od^BEnfcfiStcEBU 3— pfflftmi 0 box 
T^T'J>^®3 0«©JM5*»6X7'^7'U>^ffl3 0 
*-C©&SHciJSfiUg 1 1 <£SegbTI^-5;fcJ&> Eft'Vy 

1 lfc-it>T«ftWfc^*r*'Cl£35«-C*ft.' ■•€■©« 20 

*. *mmommz£tux, mmmi ic^t, test 

[0 0 8 8] *SHfi<D^»Ttt, IfiMMXMffil 

2 0I7H7'J>^B3 0 oTXn—h A 
h^ittTUS. ti5T. *>U TgflSSsJllO 

©fiB@HB#JI 1 0 affliMXU- rVVf MC^bVvg 30 
3tUT. mSMftmi 0 a©«Sa5fc«fcoT7.C3-hA 

ttSV£ttl 0 a £g— 10b 

[o 0 8 9] -cntettu **ss©^»T?tt, twsss 
ii o (owmnftm 1 o a c««)i«ua9( 1 

U £!©*&®tjliRi^gP 1 2 ©17-^7 'J 3 0 MO 
SSgBteibTTXP— r-A-f h£&5tbT^£. fi£oT, 40 

17^7 u 3 0 t>Mnit&wiz£>\,*x>b, mm 

g&#Bl 0 a £3-^$#B 10 b ££ 

<. ^©^^-^©^©fiafD^^T^^t^T^ 

^-©^, ***©#«R:J;*iW, WRri-OH 
5.20 T^^Lfcjga^^^J: < IBfitJcfiJfflTS C 

[0 090] sfc. *mm<D&MTm. ^in-Ywi 50 
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1 BSB# 1 5 -hW&ff ft 1 7 OBfifat^-ff 1 7 a © 
TH*. ^-©fc*, *SIM©^li(Cj;n«, s§ibsb# 

mm 1 9©±ffi£. 8*@SfcfrB 1 7 a©_hffi£&fc¥*§ 

<kb, 'd©¥ffl&n-Y;W6i»JI'i 9©±i;»i3<;v© 

JJ2BSB#2 0£}gJ5EbTV>'5. ^(DtzSb. #ISJS©J£ 
tRfc-«k*l«, ft 2 B§5# 2 0 *>«IBk:»flE*'<:»rirt-<5 

ct«tBrtBfctt». ! :**js©»tRt:j:n»i a@ 

8B#Bl 7 a©xT^7U>^®3 0ittSMM©«S5 
©jfi<C »R3-f;i.©SBijg»»i-5©*a5*E«-r 

[0091] z.n*>o>z£frB. *$m<D&miz£n 
«3-r;n 5. 2 or**febfeiSB*jWfttti-rlKfc-r* 

£££BtFitT?£, IR3-fJH5, 2 0T^4tfe®I 

**fi©^(CJ:n«, ESA»/ K©iSMfe#tt^», 
ih7>yy.3»7h (Non-linear Transition Sh 
ift ; NLTS) ^. Wa«#-r*»^<i!>4«STf*'** 
-A-7-T M*ttO«*lfc«gH8«Ay HS»«t4C 

[0092] m2 0>m&e>mm mt* mi ote^is 

M l 4*#ILT, *&m<Dm2'<Dnm<DM&\Z&2>W 

mmm^v F&^ttwMmjimz-o^TwiW'rz. & 

11 O&UbBl 4fc*V»T, (a) liI7^7U 

>{fmzmmfs.mm*7K\-,. xw iiii^©x7^ 

[0 0 9 3] ^^©^tC^^^SS^y Htt, » 

A-f hMe-rsj^cbzteij-TN&s. *$mv>Mmiz 
y7i7*f«niitTit mi<D3me>mmtm 

[0 0 9 4] **ifi©^Ttt> ^(c, ii ocgtfe 

•t^fc, ±»5/— ^H*.V •>7'I7©±1C. Btt^> 
09*.«A— TP-f «fcD7iS> Kffl©±gS->--;i' 
h*H 8 <&, 09A« 1 . 0 Mm©i5*-eM#?«tc^J5feT 
^1C. ±mz, «^Ltf7;P3^«fcD&SI6SS3 4 
*52~3 Mm©JS^(C^b, ^fSCMPlCfco 
T» ±SR^-^KB8*i8ffi-rs*TfW«bT, 

[0 0 9 5 ] ^IC. ±gK~>-;U KB 8 Zftmm 3 4 

fc*©, MA«T;W5^±0^S$6»^9 «jtfit 
0. 1~0. 2 /im©Jf^tC^-T^. 
[0 0 9 6] ^fc. «60M9©±{C, att#i|effc«to 
T» mm^y r t ffl©TSK8ffiB4 0 lC*5tt-53-^^ 
t^^>3-^gg^S4 0b*. 0iJ^«l. 5/zm©jp^ 
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T, M$imz&f$,?Z>o fc*. TgB^M4 0«, C© 
3-^7 SB#B 4.0 bi, &xrr-5fiS<SgB#B4 0 aisj; 
tf»i^gl$#B4 0 c tTli^tl^. 3-^B&#B4 0 
b©X7^7U>^S3 0ffl©!8»t XT^T'J>y 

3-^sb»b i o b tmm-z&z. 
[0097] #fc, ±mz. mz-ttyfrs. o 

»B2\ &2~3 ttm<Dm&\ZMl3LV, #Jx.fcf CMP K 
iot. 3— ^g6^S4 0 b^StBT-5St?W*bT. 

5t. 3-^8B#B4 0 bcDXT^T'J >^M3 Offid© 

^9<D±lCi^P4 1#JU/£$*15. 
[0 0 9 8] J6i»P4 1 t3-i?SI!»l4 Ob© 

±\zT&mmm4 ooai3»i4 oa*Mnt* 

fc, 3-^SB#B4 0 b©±JCgSl£«P#B4 0 c£^fi£ 
BSSHMM 0 ate, TBBfi&ffiB4 Ot*«tSl 

&mw#m 4 o c w, *arr*iwb-f 

itt««#Ji4 0c©JP*tt, Odmtt 

[0 0 9 9] TSBfiBSB 4 0 ©WISSBfrB 40a *5<fc L* 
»figi»I4 0 c ©*mt>»J«>effttt. SS I ©SHJS©J& 

bic£»? 6Tmm i o mmsM&m 10? & ctrflg 

. S^gfr&B 10c tPHHTfifeS. 

[0 10 0] ^Afc£77l'5:*-«fcD&5*6 

PtioT, fi&ffig&#J!4 0 a^J;^im^l4 0 c 

[0101] -&\z. ±mz. «6»*m«fc 0 &£K»*r 

7^I44S, Mx.tfO. 1~0. 1 5 ixm<Dm^-\zm 
fiTT*. BflWF*y:/W4 AOittft^WfiL^mZ, Sgl 

[o 1 0 2] %.\z, m&MtfxDtctbiz. '&vttz>mm^ 

^ )V<D<Pfo<DT&m<0fiL&tZi5\,*T:. fEfi^ir s> ~7M 4 4 
^S6^Wtc:x->5 1 >^bT3>^i/ h*— )V4 4A&I 

[0 10 3] 011 \zmhrc^o\z. E»3r*v. 
7B4 4©_hk:, 7l^—A?&otrftfc«koT, 0U*tf«i 
J:9ft&jVRa<ir;i'4 5 Sr., 0~2 . 0(im 

©JP#43<ktf 1. 2~2. 0 /im©n-l*JWtf->^t?^ 

-r-5. mmz3^)VA sti, &m$b£-M4 o csr^ct 

TiB*n5<k5fc»*$n'4. 04«, ^4 5 

a«. *Ka-f;P4 5£«r&'J-FB5 OlCg^f 
£7c*©«ifclgB£-*LX^3. JW4 5* 

[0 10 4] 01 2tC*bfc«t'5t» iB®^^>y 

:/Jf 4 4 ©17^7 'J >^B 3 0ffiiJ©S8SBi5^©&@K: 
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ii^T, fS^-ry^g 4 4©±fc, ±8B&SB4 7fc 
:mt£&@g&#£-^tri8M#B4 7 a£rJ£j&-f-5. d 
©ttri^BttC. 3>^i7 h*— )V4 4 A©±tCg^g&# 
B4 7c£J£f£U &N=i<fJW4 5 (C«tt£ttfftg4 5 

a<D±izmmm4 mmmftmn & . m 

mwftm 4 7c is j;c;^b 4 8 «, mcm&ttmiz «t 

[0105] &3&g&#B4 7 c «, T85fi&SB4 0©« 

10 SS#B4 7 ai5J:r_fl£^g5#B4 7 c t, &grr«3'- 
£gB#B4 7 b £n*. 
[0 10 6] fiB®gfcfrB4 7 a. mm&ft®4 7 c^J; 

rjqg^B 4 8 ottm^BfcJsmiz* % 1 ©snos©***: 
*5it«>JKffig5»B i7a, mmnftm n c 

[0107] #§nis©i^-m, m®S6^B4 7 a.c* 

tf-SXT^T-'J ><^®3 0 <fcte£#il!l©Js8S5>a#©-8& 
hB4 6©±l£J£j££ft5. 7* 
KUyX hB4 6fflI7^7'J >^"® 3 Ofi5cD«g?ttX 

eMSS^B 4 7a tE»-? + -^144 t(DF B 1fcffiS$ 
nfc7* hl/^M4 6©— S5*<XD— KA-f 
ffl«fiiS:Bt^^. fiaSB55)-B4 7 a(c4SVVt^ti- 

- h A-f h^ffl«ftitB&JRiW-r^SI5»*i«fiiRBJRttg|5 

[0 10 8] ifetC, l^ffig5^B4 7 aCQB5a)C*V>T, 
«®SP»B4 7 aSTXfil/T, H ^-f X>y5 1 >^tC 

.fco, fe^ry/B4 4SSKWJcxy^>y-r^. 

^tC, MS5^B4 7 a©djafC*5ViT, 1S@^B4 
30 7 aSrT7.^tbT, ^J^.«T;P=f>|R^7.S:ffltvfc-1' 

* > 5 u > ^ j; o x, Tssasi b 4 0 <Dmm&&m 4 

0 aZMRffUzmo. 3~0. 6 <imlKlyf >yi/ 
T. 012 (b) (c*UfcJ;-57S:hUA^ffi«hf ^. 
43, Z7^7U 3 0 \z33l+Z>&Mfflfti94 7 a© 

*StfiS®^B4 0 a©*S«r, W^^\<D±mzt>tzr> 
T^b< bTfc«fc^. d©»^, fi&ffiSP#B4 7 a©« 
. SlCiJ^T, ffi[ffigB^B4 7 aSYX^il/TES^t 
7^14 4 t«®8R^B4 0 a t.£x^>^LT*>.fc 
^L-, 1SSSP^B4 7 aW-hCJgfigbfcVX^BSr^X 
40 i7tbTm@gB»B4 7 a, IEfii^i-y7 p B4 4*«ttX 
a®SB5i-B4 0 aSrX'y^>^bTfcJ;Vi. 
[0 10 9] )k\Z. Wll 3lZvkVfciio\Z. ±mz. M 

x\ZT)v^&K>tt&.^)vmmm4 9*, ^3-4 tf 

m©J¥^»C^-T^. ^1C, ^J^tiCMPtCtoT, ® 
@S5^B4 7 a, }&^g&#B4 7 c*5j:tf&ig2B4 8*^ 
^ta-r^ST, a-f;H6«»4 9*9fSbT, 

[0 110] affiS6^-B4 7 a, -K;M&@:B4 
9 IX^^SS^-B 4 7c ©±(C, ±S5fi8ffiB 4 7 © 3 
50 -i7gB»t)5:?>3-^gE»B4 7 bS, fisj^.«2. 0~ 
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3. o Mmcojp^^-r-s. zotzmmiz. n^ov 
mmm4$<D±.\z. mm.m4%\zmwn£tiz>v-Ym5 

0 5, #|x.k£2. 0~3. 0 lxm<Dmft-\ZWffc?%. 3 
— ^SB#B4 7 b43£OOJ — KJf5 0 ©#m>#MiJc;£i£ 

a, %n<nmM<j>mmz&\-yz>-a— 1 7 b tm 

m-Z$>2>. Sfc, 3-£g&#B4 7 b©X7^7'J>^ 

wizmmztLT^z. 

[0 1 11] 01 4^lfc«t5l:. Aflcfc, 09 
^.«T;U5^-<±;0&^^— A--n-HJ15 25, tfflxJf 10 
2 0~4 0 (imWi^cMl, OO^ffi L 
T, f-WlC. 0*L&^«ffi;BA*>.y K^«t5. ft 

[0112] *idis©^li-ett, TSKmffiJi4 o^*b 

[0 1 1 3] *?H;8£©ffi^T«, »«b'-f ;P4 5 5_h8&. 20 
&&B-4 7 7 aCDfl!|^fCffiM-r-S t^ 

ic» »g3-f;M 5^mo=i-f jvmmm4 9©±®5, 

i8@§B#B4 7 a©_kSo<»:;fci;:¥S'fbU 3 

;i4&»B 4 9 ©±ic±ss«ffiB 4 7 o>m->mftm 4 

3-^§B#B4 7 b 5«S<i; < ^-r-5CtdtpItg(cfe 

[0 114] #*te©^li»£:fetf-5^©A&©Jgj&, ftUB 

[Oil 53. [^3tDHSfi©^] mi 5&V>L 30 

0 1 85#ILt. *58W©SfS3 ©jfefi&©^fc#&j§ 

*5, 01 5&HL01 8(Ci5HT, (a) IJI7^7U 
>?mzmW.?zmffi$:mV. (b) «««gS#©X7''< 
7 U >ifffi\z¥-fttsimM&*kVT^Z>. : 
[0 116] ^ttomKffiMtBX^ Ftt, |g 
2©*Jg©^liiR#fc. iSJg:3^;P5— ^©BTJiffc 

mm** v yi4 4 *»j*'u p-ccoks'^^ : 40 

y ^S4 4{cb> 2 5'^ h;f:— ;W4 4 A5^J5rr^>ie* 

[0 117] *SiOflT(J, 01 5fc*Lfc 

ipfc:. iB®^-;/:/B4 4©_hfc43^T, I7^7U 

h*-;l-4 4A©i5&©fi©£;frW-T. «s|^fiy;i/5± 
<fc VTs.Z>mm 6 65. ftAtfO. 8Mm»J»^fc^ 

[0 118] ^1C. £#:(;:, FeN-^FeCo^CDiSfig 
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ffit6 7 p5. 0!l;SJ£l . 5~2. 0 umOmWZWffcf 
3. *tC. dC9S/ , t^-->^6 7 pCD±fi, 
^©JfeRfcflfSHCck^T, ^©A;*— >©V^B6 
8 a, 6 8b5, m?i\il . 0 Mm©J¥3MCJgj&-r-5. 
v;^B6 8a«, «/^-z>^6 7p<!)5^ ft 
iTr£fiMIS5#B6 7 a <h&3gB#©±K^J&$n, V 
^^I6 8blt «/^-->^!6 7p05t3>^ 
^ b*-)l'4 4 A<D±\Z&W~tZ>&ft(O±lZM0St2n 
?XM6 8 a, 6 8 Bit Wltf. T-H-S^B© 

5VX^tbT. R I EfcJ;oT5 r ;i'3:hB5x>;/3 1 > 

d <h let oTMSns. 
[0 119] ^{C, VX^B6 8 a, 6 8 b*Y^i7t 
tt, R-IECioT. «A^— ~>^6 7 i>$>&tf 

mmm6 esi^^^n. iintio. &a^— - 

>^S6 7 p*Vt^-->^nT, igP^@B6 7© 

mmffift&^tsmm&ftm 6 7a t; tsk&bkB4 o \z 
s^stis^gK^B 6 7 c htmfczn.' mm.m& & 

6 a t&5. ffi&tf#B'6 7 atC*5^TXn- h 

A-f 6 6 a&«*m&j^ftta«jMKM 

SBtft-S. JigpmSB 6 7 «, fi£Hg&#B6 7 ai5<fcDC 
8J8852B6 7 c i, Ht53-i?MI6 7 bit 

[ 0 12 0] «SSP^B 6 7 a ©BjHitiS^T, 

V^.^B6 8 ami/ilT. R I EtCfcbTl SB® 
-V v ~/m 44t, TSflKffiB 4 0 ©^ffigfcft-B 4 0a 
Sl?f>^l/T. HI 5 (b) fcjSbfcifcSfcHJA 
Jgi§5J£j£-r&. 

[0 12 1] #li. HI'6tejjU>£3:-5-fc, fB^^>> 
^B4 4©Ji{CV 7V^A«)t>#SJCJ:oT. ^Jx.«^ 
J;D&*«EB[3-Y;|/6 95. WAIil. 0~2. 0 wm 
©J¥*-^«tC^l. 2~2; 0 tfm©P^;i/h*5/^T?fl^J^ 
•T-5. SNBSrJ'OPe 9tt. : i^i6 8 c 5f&fc:U 
T#@$n?.J:3fCJgf£$n'5o A*, 0(f; ^6 9 
a tt, »®p-r;P6 9 5ftiET'S U- HB 7 2 t^STT 
^>fc*©^g55^bT^i-5i ktC, »^P-f ;i^6 9 5 

B5«t5fc7i*-.M^^xKB7 o*mmr&i 
[0122] k\z. mi 7fr*Lfc«t3iis ±mz, w 

A.ttT)l^j-£K>tzZ>-i-1)Vtl/mm7 1*. *U3~4m 

'in©ijp*K:»jarr*; ^\z. m^Mcwp\z^x, m 

<&SB#B6 7 a^«ta^i^^J16 7'CtttS{U-r«& 
a-f;Wfiiii7 1»ibT; ^M5¥ffl^ffiS-T 
*fc> »K3-T>P6>9©StfteS6 9 a©±©gg^lC 

*5v^xp-f )immm 7 1 5gB»etncx. y ^>yuTP> 

[0123] mffiSB^B 6 7 a; ^ JVffimM 7 

1 i5«fc£jq&^gB#B 6 7 c ©±{C, igBBSlSB 6 7 ©3 
-^SS^t7S^3-^g55)-B6 7 b5. Wt«2. 0~ 
3. 0 Mm©JP^-t^-r-2>. d©t^ra^ftc, 3-f;P 
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mmm 1 1 ©±ic wgtrK )v 6 9 am» 6 9a \zm& 

$n-5'J- FB7 2 0«;tl£2. 0~3. O/imffll 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect th original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The medium opposed face which counters a record medium The 1st and 2nd magnetic layers which 
contain at least one layer including the magnetic pole portion which each other is connected magnetically and 
counters the aforementioned medium opposed face side mutually, respectively, The gap layer prepared between th 
magnetic pole portion of the 1 st magnetic layer of the above, and the magnetic pole portion of the 2nd magnetic 
layer of the above, and the thin film coil with which the part [ at least ] was prepared in the state where it insulat d 
to the above 1st and the 2nd magnetic layer between the above 1st and the 2nd magnetic layer It is the thin film 
magnetic head equipped with the above, the 1st magnetic layer of the above The 1st magnetic pole partial -layer 
which one field aajoins the aforementioned gap layer and contains the magnetic pole portion in the 1 st magnetic 
layer, It connects with the field of another side of the magnetic pole partial layer of the above 1st, arid has the 1st 
yoke partial layer used as the yoke portion in the 1st magnetic layer, the 2nd magnetic layer of the above The 2nd 
magnetic pole partial layer which one field adjoins the aforementioned gap layer and contains the magnetic pole 
portion in the 2nd magnetic layer. Connect with the field of another side of the magnetic pole partial layer of the 
above 2nd, and it has the 2nd yoke partial layer used as the yoke'portion in the 2nd magnetic layer. The edge by the 
sid of each medium opposed face of the yoke partial layer of -the above 1st arid the yoke partial layer of the above 
2nd is characterized by being arranged in the position distant from the medium opposed face; respectively. 
[Claim 2] The magnetic pole partial layer of the above 1st and the magnetic pole partial layer of the above 2nd are 
the thin film magnetic head according to claim 1 to which an end is characterized by including the portion which has 
been arranged at the medium opposed face, and which has width of face equal to the width of recording track, l v r 

respectively. ■ ' " ■ ' "* 

[Claim* 3] At least one side of the magnetic pole partiallayer of the above 1st and the magnetic pole partial layer of 
the above 2nd is the thin film magnetic head according to claim 1 characterized by including the 2nd portion which a 
medium opposed face is arranged at an opposite side, and has larger widthof face than the width of recording track 
rather than the 1st portion which an end is arranged at a medium opposed face and has width of face equal to the 
width of recording track, and the 1 st portion of the above. 

[Claim 4] Furthermore, the thin film magnetic head according to claim 1 to 3 characterized by having the insulating- 
layer stowage which contains the insulating layer for a throat height convention for being formed in one side of th 
magnetic pole partial layer of the above 1 st, and the magnetic pole partial layer of the above 2nd, and specifying 
throat height, and the insulating layer for a throat height convention contained by the aforementioned insulating- 
lay r stowage. y 
[Claim 5] Some aforementioned thin film coils [ at least ] are the thin film magnetic head according to claim 1 to 4 
characterized by being arranged in the side of the magnetic pole partial layer of the above 1st. 
[Claim 6] Furthermore, the thin film magnetic head according to claim 5 characterized by having the coil insulation 
layer to which some thin film coils [ at least ] arranged in the side of the magnetic pole partial layer of the above 1st 
were covered, and flattening of the field by the side of the aforementioned gap layer was carried out with the field 
by the side of the gap layer in the magnetic pole partial layer of the above 1st. 

[Claim 7] Some aforerrientibned thin film coils [ at least ] are the thin film riiagnetic head according to claim 1 to 4 
characterized by being arranged in the side of the magnetic pole partial layer of the above 2nd. 
[Claim 8] Furthermore, the thin film magnetic head according to claim 7 characterized by having the coil insulation 
layer to which some thin film coils [ at least ] arranged in the side of the magnetic pole partial layer of the above 
2nd were covered,' and flattening of the field by the side of the yoke partial layer of the above 2nd was carried out 
with the field by the side of the 2nd yoke partial layer in the magnetic pole partial layer of the above 2nd. 
[Claim 9] The medium opposed face which counters a record medium The 1st arid 2nd magnetic layers which 
contain at least one layer including the magnetic pole portion which each other is connected magnetically and' 
counters the aforementioned medium opposed face side mutually, respectively, The gap layer prepared between th 
magnetic pole portion of the v 1st magn tic layer of the above, and th magnetic pole portion of the 2nd magn tic 
lay r of th above, and th thin film coil with which the part [ at least ] was prepared in the state where it insulated 
to th above 1 st and the 2nd magn tic layer betwe n th above 1 st and the 2nd magnetic layer The process which 
is th , manufactur method of the thin film magn tic head equipped with the abov . and forms the 1st magnetic lay r 
of the above, At least the process which forms the aforementioned gap layer on the 1st magnetic layer of th 
abov , the proc ss which forms the 2nd magn tic lay r of th above on th aforementioned gap layer, and a part 
betw en the above 1st and th 2nd magn tic layer The process which is equipped with the pr c ss which forms the 
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aforementioned thin film coil, and forms the 1st magnetic layer of the above so that it may be arranged in the state 
where it insulated to these the 1st and 2nd magnetic layers The 1st magnetic pole partial layer which one field 
adjoins the aforementioned gap layer and contains the magnetic pole portion in the 1 st magnetic layer, Connect with 
the field of another side of the magnetic pole partial layer of the above 1st, and the 1st yoke partial layer used as 
the yoke portion in the 1 st magnetic layer is formed. And the process which arranges the edge by the side of the 
medium opposed face of the yoke partial layer of the above 1st in the position distant from the medium opposed 
face, and forms the 2nd magnetic layer of the above The 2nd magnetic pole partial layer which one field adjoins the 
aforementioned gap layer and contains the magnetic pole portion in the 2nd magnetic layer, It connects with the 
field of another side of the magnetic pole partial layer of the above 2nd, and the 2nd yoke partial layer used as the 
yok portion in the 2nd magnetic layer is formed, and it is characterized by arranging the edge by the side of the 
medium opposed face of the yoke partial layer of the above 2nd in the position distant from the medium opposed 
fac . 

[Claim 1 0] The magnetic pole partial layer of the above 1 st and the magnetic pole partial layer of the above 2nd are 
the manufacture method of the thin film magnetic head according to claim 9 that an end is characterized by 
including the portion which has been arranged at the medium opposed face and which has width of face equal to the 
width of recording track, respectively. 

[Claim 1 1] At least one side of the magnetic pole partial layer of the above 1st and the magnetic pole partial layer of 
the above 2nd is the manufacture method of the thin film magnetic head according to claim 9 characterized by 
including the 2nd portion which a medium opposed face is arranged at an opposite side, and has larger width of face 
than the width of recording track rather than the 1st portion which an end is arranged at a medium opposed face 
and has width of face equal to the width of recording track, and the 1st portion of the above. 
[Claim 1 2] Furthermore, the. manufacture method of the thin film magnetic head according to claim 9 to 1 1 
characterized by having the process which forms the insulating-layer stowage which contains the insulating layer for 
a throat height convention for specifying throat height, and the process which forms the insulating layer for a throat 
height convention so that ft may be contained by the aforementioned insulating-layer stowage to one side of the 
magnetic pole partial layer of the above 1 st, and the magnetic poje partial layer of the above 2nd. 
[Claim 13] The process which forms the aforementioned thin film coil is the manufacture method of the thin film 
magnetic head according to claim 9 to 12 characterized by arranging some aforementioned thin film coils [ at least ] 
to the side of the magnetic pole partial layer of the above 1st. 

[Claim 14] Furthermore, the manufacture method of the thin film magnetic head according to claim 13 characterized 
by having the process which forms the coil insulation layer to which some thin film coils [at least] arranged jn the 
side of the magnetic pole partial layer of the above 1 st were covered, and flattening of the field by the side of the 
aforementioned gap layer was carried out with the field by the side of the gap layer in the magnetic pole partial layer 
of the above 1st 

[Claim 15] The process which forms the aforementioned thin film coil is the manufacture method of the thin film 
magnetic head according to claim 9 to 1 2 characterized by arranging some aforementioned thin film coils [ at least ] 
to the side of the magnetic pole partial layer of the above 2nd. 

[Claim 16] Furthermore, the manufacture method of the thin film , magnetic head according to claim 1 5 characterized 
by having the process which forms the coil insulation layer to which some thin film coils [ at least ] arranged in the 
side of the magnetic pole partial layer of the above 2nd were covered, and flattening of the field by the side of the 
yoke partial layer of the above 2nd was carried out with the field by the side of the 2nd. yoke partial layer in the 
magnetic pole partial layer of the above 2nd. 

[Claim 17] The medium opposed face which counters a record medium Magnetic resistance element The 
reproducing head which has the 1st and 2nd shield layers which are arranged so that the part by the side of the 
aforementioned medium opposed face may counter on both sides of the aforementioned magnetic resistance 
element, and shield the aforementioned magnetic resistance element The 1st and 2nd magnetic layers which contain 
at least one layer including the magnetic pole portion which each other is connected magnetically and counters the 
aforementioned medium opposed face side mutually, respectively The gap layer prepared between the magnetic pole 
portion of the 1st magnetic layer of the above, and the magnetic poje portion of the 2nd magnetic layer of the 
above, and the thin film coil with which the part [ at least ] was prepared in the state where it insulated to the 
above 1st and the 2nd magnetic layer between the above 1st and the 2nd magnetic layer It is the thin film magnetic 
head equipped with the above, the 1st magnetic layer of the above The magnetic pole partial layer which one field 
adjoins the aforementioned gap layer .and contains the magnetic pole portion in the 1 st magnetic layer. It connects 
with the field of another side of the aforementioned magnetic pole partial layer, has a yoke partial layer used as the 
yoke portion in the 1st magnetic layer, and is characterized by arranging the edge by the side of the medium . 
opposed face of the aforementioned yoke partial layer in the position distant from the medium opposed face. 
[Claim 18] The aforementioned magnetic pole partial layer is the thin film magnetic head according to claim 1 7 
charact riz d by an end containing the portion which has b n arranged at th m dium oppos d face, and which has 
width of fac qual to the width of recording track.. 

[Claim 19] Th aforemention d magnetic pol partial layer is the thin film magn tic head according to claim 17 4 
charact rized by including the 2nd portion which a medium opposed face is arrang d at-an opposite side, and has 
larger width of face than th width of recording track rath r than the 1st portion which an nd is arranged at a 
medium opposed fac and has width of fac equal to the width of recording track, and the 1st portion of the abov . 
[Claim 20] Furthermore, the thin film magnetic h ad according to claim 17 to 19 charact riz d by having the 
insulating-layer stowage which contains the insulating layer for a throat height conv ntion for being form d in the 
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aforementioned magnetic pole partial layer, and specifying throat height, and the insulating layer for a throat height 
convention contained by the aforementioned insulating-layer stowage. 

[Claim 21] Some aforementioned thin film coils [ at least ] are the thin film magnetic head according to claim 17 to 
20 characterized by being arranged in the side of the aforementioned magnetic pol partial layer. 
[Claim 22] Furthermore, the thin film magnetic head according to claim 21 characterized by having the coil insulation 
layer to which some thin film coils [ at least ] arranged in the sid of the aforementioned magnetic pole partial layer 
were covered, and flattening of the field by the side of the aforementioned gap layer was carried out with the field 
by the side of the gap layer in the aforementioned magnetic pole partial layer. 

[Claim 23] The medium opposed face which counters a record medium Magnetic resistance element The 
reproducing head which has the 1st and 2nd shield layers which are arranged so that the part by the side of the 
aforementioned medium opposed face may counter on both sides of the aforementioned magnetic resistance 
element, and shield the aforementioned magnetic resistance element The 1st and 2nd magnetic layers which contain 
at least one layer including the magnetic pole portion which each other is connected magnetically and counters th 
aforementioned medium opposed face side mutually, respectively The gap layer prepared between the magnetic pole 
portion of the 1 st magnetic layer of the above, and the magnetic pole portion of the 2nd magnetic layer of the 
above, and the thin film coil with which the part [ at least ] was prepared in the state where it insulated to the 
above 1st and the 2nd magnetic layer between the above 1st and the 2nd magnetic layer The process which is the 
manufacture method of the thin film magnetic head equipped with the above, and forms the aforementioned 
reproducing head. At least the process which forms the 1 st magnetic layer of the above, the process which forms 
th aforementioned gap layer on the 1st magnetic layer of the above, the process which forms the 2nd magnetic 
layer of the above on the aforementioned gap layer, and a part between the above 1st and the 2nd magnetic layer 
The process which is equipped with the process which forms the aforementioned thin film coil, and forms the 1 st 
magnetic layer of the above so that it may be arranged in the state where it insulated to these the 1st and 2nd 
magnetic layers The magnetic pole partial layer which one field adjoins the aforementioned gap layer and contains 
th magnetic pole portion in the 1st magnetic layer, It connects with the field of another side of the aforemention d 
magnetic pole partial layer, and the yoke partial layer used as the yoke portion in the 1st magnetic layer is formed, 
and it is characterized by arranging the edge by the side of the medium opposed face of the aforementioned yoke 
partial layer in the position distant from the medium opposed face. 

[Claim 24] The aforementioned magnetic pole partial layer is the manufacture method of the thin film magnetic head 
according to claim 23 characterized by an end containing the portion which has been arranged at the medium, 
opposed face, and which has width of face equal to the width of recording track. .* 
[Claim 25] The aforementioned magnetic pole partial layer is the manufacture method of the thin film magnetic head 
according to claim 23 characterized by including the 2nd portion which a medium opposed face is arranged at an 
opposite side, and has larger width of face than the width of recording track rather than the 1st portion which ah 
end is arranged at a medium opposed face and has width of face equal to the width of recording track, and the 1 st 
portion of the above. 

[Claim 26] Furthermore, the manufacture method of the thin film magnetic head according to claim 23 to 25 
characterized by having the process which forms the insulating-layer stowage which contains the insulating layer for 
a throat height convention for specifying throat height, and the process which forms the insulating layer for a-throat 
height convention so that it may be contained by the aforementioned insulating-layer stowage to the 
aforementioned magnetic pole partial layer. 

[Claim 27] The process which forms the aforementioned thin film coil is the manufacture method of the thin film 
magnetic head according to claim 23 to 26 characterized by arranging some aforementioned thin film coils [ at 
least ] to the side of the aforementioned magnetic pole partial layer. 

[Claim 28] Furthermore, the manufacture method of the thin film magnetic head according to claim 27 characteriz d 
by having the process which forms the coil insulation layer to which some thin film coils [ at least ] arranged in the 
sid of the aforementioned magnetic pole partial layer were covered, and flattening of the field by the side of the 
aforementioned gap layer was carried out with the field by the side of the gap layer in the aforementioned magnetic 
pol partial layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Th technical field to which invention belongs] this invention — at least — an induction type — electromagnetism 
— it is related with the- thin -film magnetic head which has a sensing element, and its manufacture method 
[0002] 

[Description of the Prior Art] In recent years, the improvement in a performance of the thin film magnetic head is 
call d for with improvement in the field recording density of a hard disk drive unit, as the thin film magnetic head — 
the induction type for writing — electromagnetism — the compound-die thin film magnetic head of the structure 
which carried out the laminating of the reproducing head which reads with the recording head which has a sensing 
element, and has the magnetic-reluctance (it is hereafter described also as MR (Magneto-resistive).) element of 
business is used widely r 

[0003] By the way, in order to raise recording density among the performances of a recording head, it is necessary 
to raise the track density in a magnetic-recording medium. It is necessary to realize the recording head of the 
truck structure which narrowed width of face in the pneumatic bearing side of the lower magnetic pole formed in the 
upper and lower sides on both sides of the record gap layer, arid an up magnetic pole from several microns to the 
submicron size, and for that, in order to attain this, semiconductor processing technology is used. 
[0004] Here, with reference to drawin g 26 or drawing 29 , an example of the manufacture method of the compound- 
die thin film magnetic head is explained as an example of the manufacture method of the conventional thin film 
magnetic head. In addition, in drawing 26 or drawing 29 , (a) shows a cross section perpendicular to a pneumatic 
bearing side, and (b) shows the cross section parallel to the pneumatic bearing side of a magnetic pole portion. 
[0005] By this manufacture method, first, as shown in drawing 26 : the insulating layer 1 02 which consists of ah 
alumina (aluminum 203) is deposited by the thickness of about about 5-10 micrometers on the substrate 101 which 
consists of ARUTIKKU (aluminum 203, TiC). Next, the lower shield layer 103 for the reproducing heads which 
consists of a magnetic material is formed on an insulating layer 102. - i : 

[0006] Next, on the lower shield layer 103, the spatter deposition of the alumina is carried out at the : thickness of 
100-200nm, and the lower shield gap film 104 as an insulating layer is formed. Next, the MR element 105 for 
reproduction is formed on the lower shield gap film 1 04 at the thickness of dozens of nm. Next, the electrode layer 
106 of the J couple electrically connected to the MR element 105 is formed on the lower shield gap film 104. :v 
[0007] Next, the up shield gap film 107 as an insulating layer is formed on the lower shield gap film 104 and the MR 
element 105, and the MR element 105 is laid underground in the shield gapfilm 104,107. 

[0008] Next, on the up shield gap film 107, it consists of a magnetic material arid the lower [ an up shield layer- 
cum-] magnetic pole layer (it is hereafter described as a lower magnetic pole layer.) 108 used to the both sides of 
th reproducing head and a recording head is formed at the thickness of about 3 micrometers. 
[0009] Next as shown in drawing 27 , the record gap layer 1 09 which consists of an insulator layer, for example, an 
alumina film, is formed on the lower magnetic pole layer 108 at the thickness of 0.2 micrometers: Next, for " 
magnetic-4>ath formation, the record gap layer 109 is ^*^*****ed partially and contact hole 109a is formed. Next, 
the up magnetic pole chip 110 which consists of a magnetic material for recording heads is formed on the record 
gap layer 109 in a magnetic pole portion at the thickness of 0.5-i.O micrometers: At this time, the magnetic layer 
119 which consists of a magnetic material for magnetic-path formation oh contact hole 109a for magnetic-path 
formation is formed simultaneously. , ' i '* s " 
[0010] Next, as shown in drawing 28 '; the record gap layer 109 and the lower magnetic pole layer 108 are 

ion milling by usinjg the up magnetic pole chip 110 as a mask. As shown in drawing 28 (b). the 
structure where some each side attachment walls of an up magnetic pole portion (up magnetic pole chip 1 10), the 
record gap layer 1 09, arid the lower magnetic pole layer 1 08 were ; perpendicularly formed in the self-adjustment 
target is called trirn (Trim) structure. . - > r , ; > 

[0011] Next, th insulating layer 1 1 1 which consists of an alumina film is formed in th whol surface at the 
thickness of about 3 micrometers: N xt, it grinds and flattening of this insulating layer 1 1 1 is carried out until it 
reaches th front fac of the up magn tic pole chip 110 arid a magnetic layer 119. 

[001 2] Next, th thin film coil 1 1 2 of the 1 st layer for th r cording heads of an induction typ which consists of 
copper (Cu) is formed on the insulating lay r 11 1 by which flattening was carried out Next, a photor sist layer 113 
is formed on an insulating lay r 111 and a coil 112 at a predetermiri d pattern. Next, in order to mak th front fac 
of a photoresist layer 113 flat, it heat-treats at predet rmihed temperatur . N xt, the thin film coil 1 14 of th 2nd 
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layer is formed on a photoresist layer 1 13. Next, a photoresist layer 1 15 is formed on a photoresist layer 1 13 and a 
coil 1 14 at a predetermined pattern. Next in order to make the front face of a photoresist layer 1 15 flat it heat- 
treats at predetermined temperature. 

[0013] Next, as shown in drawing 29 , the up magnetic pole layer 116 which consists of a magnetic material for 
recordmg heads, for example, a permalloy, is formed on the up magnetic pole chip 1 10, a photoresist layer 1 13 115 
and a magnetic layer 119. Next, the overcoat layer 117 which consists of an alumina is formed on the up magnetic' 
pole layer 116. Finally the slider containing above-mentioned each class is machined, the pneumatic bearing side 118 
of the thin film magnetic head containing a recording head and the reproducing head is formed, and the thin film 
magnetic head is completed. 

[0014] Drawing 30 is the plan of the thin film magnetic head shown in drawing 29 . In addition, in this drawing the 
overcoat layer 1 1 7, other insulating layers, and the insulator layer are omitted. 

[0015] In drawing 29 (a). TH expresses throat height and MR-H expresses MR height. In addition throat height 
means the length (height) from the edge by the side of a pneumatic bearing side of the portion which two magnetic 
pole layers counter through a record gap layer to the edge of an opposite side. Moreover, MR height means the 
length (height) from the edge by the side of the pneumatic bearing side of MR element to the edge of an opposite 
side. Moreover, m drawing 29 (b), P2W express magnetic pole width of face, i.e., recording track width efface There 
is an apex angle (Apex Angle) as shown by theta else [. such as throat height and MR height, ] in drawing 29 (a) as a 
factor which determines the performance of the thin film magnetic head. This apex angle says the angle of the 
straight line which connects the corner of the side by the side of the magnetic pole in the coil portion (henceforth 
the apex section) which was covered by the photoresist layer 113.115 and rose in the shape of a mountain and th 
upper surface of an insulating layer 1 1 1 to make. 
[0016] , 

[Problem(s) to be Solved by the Invention] In order to raise the performance of the thin film magnetic head it is 
important to form correctly the throat height TH as shown in drawing 29 , MR height MR-H, the apex angle 'theta 
and recording track width-of-face P2W. • 
[0017] In order^to enable high surface density record especially in recent years (Le., in order to form the recording 
head of ** truck structure) the submicron size of 1.0 micrometers or less is demanded of widthrof-recording-track 

Therefore, the technology of processing an up magnetic pole into a submicron size using semiconductor 
processing technology, is needed. 

[0018] Here, it poses a problem that it is difficult to form minutely the up magnetic pole layer formed on the apex 
section. ; . 

[001 9] By the way. as a method of forming an up magnetic pole layer, as shown in JP.7-26251 9.A the frame 
galvanizing method Is used, for example. When forming an up magnetic po|e layer using the frame galvanizing method 
on the whole, the thin electrode layer which consists of a permalloy is first formed by sputtering on the apex 
section. Next, on it, a^photoresist is applied, patterning is carried out according to a photolithography process and 
the frame for plating (outer frame) is formed. And an up magnetic pole layer is formed by the galvanizing method by 
using as a seed layer the electrode layer formed previously. 

[0020] However, there is the difference of elevation 7- 10 micrometers or more in the apex section and other • 
portions for example. On this apex section, a photoresist is applied by the thickness of 3-4 micrometers. Supposing 
the thickness of the photoresist on the apex section is at least 3-micrometer or more need,! since the photoresist 
with a fluidity gathers for the method of a low, in the lower part of the apex section, a photoresist film with a 
thickness of 8-10 micrometers or more will be formed, for example. \ ■', 

[0021] In order to realize recording track widtii of face of a submicron size as mentioned above, it is necessary to 
form the frame pattern of. the width pf face of a submicron size with a photoresist film. Therefore, you have to form 
a pattern with a detailed submicron size on the apex section with a photoresist film with the thickness of 8-10 
micrornete^pr more However, it was very difficult on the manufacturing process to form the photoresist pattern of 
such thick thickness by ** pattern width of face. 

[0022] And at ^the time of exposure of a photolithography, the light for exposure reflects by the ground electrode 
layer as a seed layer, a photoresist exposes, collapse of a photoresist pattern etc. arises and a sharp and exact 
photoresist pattern is no longer obtained by this reflected light.. 

[0023] ,thuj, when magnetic pole width of face became a submicron size conventionally, there was a trouble that it 
became difficult to form an up magnetic layer with a sufficient precision. 

[0024] As drawing of the above-mentioned conventional example or the process of drawing 29 also showed after 
forming the ywdth of recording track 1.0 micrometers or less from such a thing with the up magnetic pole chip 110. 
eff ctive in formation of the ** truck of a recording head, the method of forming the up magnetic pole layer 1 16 
" S ! A?" 110 " connected with this up magnetic pole chip 110 is also adopted (refer to JP.62-245509.A 

and JP.60-10409.A). Thus, it becomes possible by dividing the usual up magnetic pole layer into the up magnetic 
pel layer 1 1 6 used as the up magnetic pole chip 1 1 0 and a yoke portion to form som what minutely th up 
7ZT£\°. P P J 10 which dete ™n * recording track, width of fa C on th flat fi Id on th r cord gap layer 1 09 
[0025] Moreover, th thin film magn tic head which constituted th magnetic pol portion from two layers of the 
lay rusedasth included layer and a yok portion is indicat d by JP.6-314413.A in th "both sides" of an up 
magnetic pole layer and a lower magn tic pole layer. 

[0026] However, also in th thin film magnetic h ad shown in drawing 29 , th apical surfac of th layer us d as a 
yoke portion is expos d to a pneumatic bearing sid also in the thin film magnetic head indicated by JP.6-31441 3A 
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Therefore, in such the thin film magnetic head, not only the layer containing a magnetic pole portion but the layer 
side used as a yoke portion had the trouble which writing is performed and writes data also in fields other than the 
field which should originally be recorded to a r cord medium that the so-called side light was generated. 
[0027] Moreover, in the thin film magnetic head indicated by JP,6-314413A the width of fac of a total of four 
layers of two layers, two layers of an up magnetic pole layer and lower magnetic pole layers, is equally formed in the 
magnetic pole portion. Thus, as a method of forming four layers so that width of face may become equal in a 
magnetic pole portion, how to form each class so that the configuration of the magnetic pole portion of each class 
may be decided at the time of formation of each class, and the method of bundling up four layers and 
*:Mc**####*ing so that the width of face of four layers in a magnetic pole portion may become equal after forming 
four layers can be considered. 

[0028] However, there is a trouble that it is difficult to determine the configuration of the magnetic pole portion of 
each class with a sufficient precision, and to perform alignment of the magnetic pole portion of each class with a 
sufficient precision when recording track width of face is made small especially by the method of forming each class 
so that the configuration of the magnetic pole portion of each class may be decided at the time of formation of each 
class. ...... 

[0029] Moreover, by the method of bundling up four layers and ##*###*#*#ing, while etching takes much time, th r 
is a trouble that it is difficult to determine the configuration of the magnetic pole portion of four layers with a 
sufficient precision. 

[0030] Moreover, in the conventional thin film magnetic head, there was a trouble that it was difficult to shorten 
magnetic-path length (Yoke Length). That is, although the recording head which could realize the short head of 
magnetic-path length and was excellent in especially the RF property could be formed so that the coil pitch was 
small, when a coil pitch was made small infinite, the distance from a throat height zero position (position of the edg 
by the side of the pneumatic bearing side of the insulating layer which determines throat height) to the periphery 
edge of a coil had become the big factor which bars shortening magnetic-path length. Since magnetic-path length 
can do the two-layer coil short rather than the coil of one layer, he has adopted the two-layer coil in the recording 
head for many RFs. However, by the conventional magnetic head, after forming the coil of the 1st layer, in order to 
form the insulator layer between coils, the photoresist film is formed by the thickness of about 2 micrometers. 
Therefore, the small apex roundish [ wore ] is formed in the periphery edge of the coil of the 1st layer. Next, 
although the coil of a two-layer eye is formed on it, since etching of the seed layer of a coil cannot be performed 
but a coil shortTcircuits by the ramp, of the apex section in that case, it is necessary to form the coil of a two-layer 
eye in a flat part 

[0031] When fpliow, for example, thickness of a coil is set to 2-3 micrometers, thickness of the insulator layer 
between coils is set to 2 micrometers and an apex angle is made into 45 degrees - 55 degrees, as magnetic-path 
I ngth Double precision of the 3-4-micrometer distance which is the distance of a up to [ from the periphery edg 
of a coil ] near the throat height zero position in addition to the iength of the portion corresponding to a coil (3-4 
micrometers also of distance from the contact section of an up magnetic pole layer and a lower magnetic pole lay r 
to a coil inner circumference edge are also required.) 6-8 micrometers is required. Length other than the portion 
corresponding to this coil had become the factor which bars reduction of magnetic-path length. 
[0032] Here,, the case where, the 11 -volume coij whose space the line breadth of a coil is 1.2 micrometers and is 0.8 
micrometers is formed by two-layer is considered. In this case, as shown in drawing 29 , when it is made the 1st 
layer intosjx volumes and a two-layer eye js made into five volumes, the length of the portion corresponding to th 
coil 112 of the 1st layer is 11.2 micrometers among magnetic-path length. A length of a total of six -8 micrometers 
is needed for magnetic-path length as a distance to the edge of the photoresist layer 113 for insulating the coil 1 12 
of the 1st layer from the periphery edge and inner circumference edge of a coil 112 of the 1st layer. Therefore, 
magnetic-path length is set to 17.2-19.2 micrometers. Moreover, if a 1 1 -volume coil is formed by one layer, 
magnetic-path; length is set to 27.2-29.2 micrometers. In addition, as the sign L0 showed magnetic-path length in 
drawing 29 , the length of the portion except the magnetic pole portion of the magnetic pole layers and the contact 
portion expresses with this application. Thus, conventionally, reduction of magnetic-path length is difficult and this 
had barred the improvement of a RF property. 

[0033] that by which this invention; was made in view of this trouble — it is — the 1st purpose — an induction typ 
— electromagnetism — while being able to form the magnetic pole portion of a sensing element with a sufficient 
precision, it is in offering the thin film magnetic head which enabled it to prevent the writing of the data to fields , 
other than the field which should be recorded, and its manufacture method 

[0034] The 2nd purpose of this invention is to offer the thin film magnetic head which enabled reduction of 
magnetic-path length, and its manufacture method in addition to the 1st purpose of the above. 
[0035] * - . .. ..... : 

[Means for Solving the Problem] The medium opposed face to which the 1st thin film magnetic head of this 
invention counters a record medium, Th 1 st and 2nd magn tic layers which contain at least one layer including th 
magnetic pole portion which ach other is conn cted magnetically and count rs a medium opposed face side 
mutually, respectively * At least the gap lay r pr par d betw n th magnetic pole portion of the 1st magnetic layer 
and the magnetic pole portion of the 2nd magnetic layer and a part between the 1st and 2nd"magnetic lay rs It is 
th thin film magnetic head quipped with the thin film coil prepar d in th state where it insulated to th 1 st and 
2nd magnetic layers, th 1 st magnetic layer Th 1 st magn tic pol partial layer which one fi Id adjoins a gap layer 
and contains the magn tic p I portion in th 1 st magnetic lay r. It conn cts with th field of another side of the 
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1st magnetic pole partial layer, and has the 1st yoke partial layer used as the yoke portion in the 1st magnetic layer, 
the 2nd magnetic layer The 2nd magnetic pole partial layer which one field adjoins a gap layer and contains the 
magnetic pole portion in the 2nd magnetic layer, It connects with the field of another side of the 2nd magnetic pole 
partial layer, and has the 2nd yoke partial layer used as the yoke portion in the 2nd magnetic layer, and the edge by 
the side of each medium opposed face of the 1st yoke partiaf layer and the 2nd yoke partial layer is arranged in the 
position distant from the medium opposed face, respectively. 

[0036] The manufacture method of the 1st thin film magnetic head of this invention The medium opposed face 
which counters a record medium, and the 1st and 2nd magnetic layers which contain at least one layer including the 
magnetic pole portion which each other is connected magnetically and counters a medium opposed face side 
mutually, respectively, At least the gap layer prepared between the magnetic pole portion of the 1st magnetic layer 
and the magnetic pole portion of the 2nd magnetic layer and a part between the 1st and 2nd magnetic layers The 
process which is the method of manufacturing the thin film magnetic head equipped with the thin film coil prepared 
in the state where it insulated to the 1st and 2nd magnetic layers, and forms the 1st magnetic layer, At least the 
process which forms a gap layer on the 1st magnetic layer, the process which forms the 2nd magnetic layer oh a 
gap layer, and a part between the 1st and 2nd magnetic layers The process which is equipped with the process 
which forms a thin film coil, and forms the 1st magnetic layer so that it may be arranged in the state where it ; 
insulated to these the 1st and 2nd magnetic layers The 1st magnetic pole partial layer which one field adjoins a gap 
lay r and contains the magnetic pole portion in the 1st magnetic layer, Connect with the field of another side of the 
1st magnetic pole partial layer, and the 1st yoke partial layer used as the yoke portion in the 1st magnetic layer is 
formed. And the process which arranges the edge by the side of the medium opposed face of the 1st yoke partial 
layer in the position distant from the medium opposed face, and forms the 2nd magnetic layer The 2nd magnetic 
pole partial layer which one field adjoins a gap layer and contains the magnetic pole portion in the 2nd magnetic 
lay r, It connects with the field of another side of the 2nd magnetic pole partial layer, and the 2nd yoke partial lay r 
used as the yoke portion in the 2nd magnetic layer is formed, and the edge by the side of the medium opposed face 
of the 2nd yoke partial layer is arranged in the position distant from the medium opposed face. 
[0037] By the 1st thin film magnetic head or its manufacture method of this invention both, since it is arranged in 
the position where the 1 st magnetic layer and 2nd magnetic layer have a magnetic pole partial layer and a yoke 
partial layer, and the edge by the side of the medium opposed face of each yoke partial layer separated from the 
medium opposed face, it is possible to form two magnetic pole partial layers with a sufficient precision, and, thereby, 
it b comes possible to form a magnetic pole portion with a sufficient precision. Moreover, in this invention, since th 
edg by the side of the medium opposed face of each yoke partial layer is arranged in the position distant from the 
medium opposed face, the writing of the data to fields other than the field which should be recorded is prevented. 
[0038] In the 1st thin film magnetic head or its manufacture method of this invention, the 1st magnetic pole partial 
lay r and the 2nd magnetic pole partial layer may contain the portion which has the width of face equal to the width 
of r cording track by which the end has been arranged at the medium opposed face, respectively. 
[0039] Moreover, in the 1 st thin film magnetic head or its manufacture method of this invention, the 2nd portion into 
which a medium opposed face is arranged at an opposite side, and has larger width of face than the width of 
recording track may be included rather than the 1 st portion into which an end is arranged at a medium opposed face 
and at least one side of the 1st magnetic pole partial layer and the 2nd magnetic pole partial layer has width of face 
equal to the width of recording track, and the 1st portion. 

[0040] Moreover, in the 1 st thin film magnetic head or its manufacture method of this invention, it is formed in one 
side of the 1st magnetic pole partial layer and the 2nd magnetic pole partial layer, arid the insulating-layer stowage 
which contains the insulating layer for a throat height convention for specifying throat height, and the insulating 
lay r for a throat height convention contained by the insulating-layer stowage may be prepared. 
[0041] Moreover, in the 1st thin film magnetic head or its manufacture method of this invention, some thin film coils 
[ at I ast ] may be arranged in the side of the 1st magnetic pole partial layer. In this case, some thin film coils [ at 
least ] arranged in the side of the 1st magnetic pole partial layer may be covered, and the coir insulation layer to 
which flattening of the field by the side of a gap layer was Carried out with the field by the side of the gap layer in 
the 1st magnetic pole partial layer may be prepared. 

[0042] Moreover, in the 1st thin film magnetic head or its manufacture method of this invention, some thin film coils 
[ at least ] may be arranged in the side of the 2nd magnetic pole partial layer, th this case, some thin film coils [ at 
least ] arranged in the side of the 2nd magnetic pole partial layer may be covered, and the coil insulation layer to 
which flattening of the field by the side of the 2nd yoke partial layer was carried out with the field by the side of th 
2nd yoke partial layer in the 2nd magnetic pole partial layer may be prepared. 

[0043] The medium opposed face to which the 2nd thin film magnetic head of this invention counters a record 
m dium. The reproducing head which has the 1st and 2nd shield layers which are arranged so that a magnetic 
r sistance element and the part by the side of a medium opposed face may counter on both sides of a magnetic 
r sistance elem nt, and shield a magn tic resistance element, The 1st and 2nd magnetic layers which contain at 
I ast on layer including the magnetic pol portion which each other is connect d magnetically and count rs a 
m dium opposed face side mutually, r spectively. At least the gap layer prepared b tween the magnetic pol portion 
of th 1st magnetic layer and the magnetic pole portion of the 2nd magn tic lay r and a part between th 1st and 
2nd magn tic layers It has the recording head which has th thin film coil pr par d in th state wher it insulated to 
the 1st and 2nd magnetic layers The 1st magnetic lay r is th thin film magnetic head arranged at the reproducing- 
head sid among the 1st and 2nd magnetic layers, the 1st magn tic layer Th magnetic pol partial layer which on 
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field adjoins a gap layer and contains the magnetic pole portion in the 1 st magnetic layer, It connects with the field 
of another side of a magnetic pole partial layer, and has a yoke partial layer used as the yoke portion in the 1 st 
magnetic layer, and the edge by the side of the medium opposed face of a yoke partial layer is arranged in the 
position distant from th medium opposed face. 

[0044] The manufacture method of the 2nd thin film magnetic head of this invention is a method of manufacturing 
the thin film magnetic head equipped with the medium opposed face and the reproducing head which counter a 
record medium, and the recording head. In the thin film magnetic head, the reproducing head is arranged so that a 
magnetic resistance element and the part by the side of a medium opposed face may counter on both sides of a 
magnetic resistance element, and it has the 1 st and 2nd shield layers which shield a magnetic resistance element. 
The 1st and 2nd magnetic layers which contain at least one layer including the magnetic pole portion which the 
recording head of each other is connected magnetically and counters a medium opposed face side mutually, 
respectively, It has the gap layer prepared between the magnetic pole portion of the 1st magnetic layer, and the 
magnetic pole portion of the 2nd magnetic layer, and the thin film coil with which the part [ at least ] was prepared 
in the state where it insulated to the 1st and 2nd magnetic layers between the 1st and 2nd magnetic layers. 
Moreover, in the thin film magnetic head, the 1st magnetic layer is arranged among the 1st and 2nd magnetic layers 
at the reproducing-head side. 

[0045] The manufacture method of the 2nd thin film magnetic head of this invention At least the process which 
forms the reproducing head, the process, which forms the 1st magnetic layer, the process which forms a gap layer 
on the 1st magnetic layer, the process which forms the 2nd magnetic layer on a gap layer, and a part between th 
1st and 2nd magnetic layers The process which is equipped with the process which forms a thin film coil, and forms 
the 1st magnetic layer so that it may be arranged in the state where it insulated to these the 1st and 2nd magnetic 
layers The magnetic pole partial layer which one field adjoins a gap layer and contains the magnetic pole portion in 
the 1st magnetic layer, It connects with the field of another side of a magnetic pole partial layer, and the yoke 
partial layer used as the yoke portion in the 1st magnetic layer is formed, and the edge by the side of the medium 
opposed face of a yoke partial layer is arranged .in the position distant from the medium opposed face. 
[0046] By the 2nd thin film magnetic head or its, manufacture method of this invention, since it is arranged in the. 
position where the 1st magnetic layer has a magnetic , pole partial layer and a yoke partial layer, and the edge by th 
side of the medium opposed face of a yoke partial layer separated from the medium opposed face, it is possible to 
form the magnetic pole partial layer of the 1st magnetic layer with a sufficient precision, and, thereby, it becomes 
possible to form a magnetic pole portion with.a sufficient precision. Moreover, in this invention, since the edge by 
the side of the medium opposed face of a yoke partial layer is arranged in the position distant from the medium 
opposed face, the writing pfjthe data to fields other than the field which should be recorded is prevented. 
[0047] 5 In the 2nd thin film, magnetic head or its manufacture method, of this invention, the magnetic pole partial lay r 
may contain the portion which .has the width of face equal, to the width of recording track by which the end has . 
been arranged at the medium, opppsed face. 

[0048] Moreover, in the 2nd thin film magnetic head or its manufacture method of this invention, the 2nd portion , 
into which a- medium opposed face is arranged at an opposite side, and has larger width of face than the width of 
recording track may be included rather than the 1st portion into which an end is arranged at a medium opposed fac 
and a magnetic pole partial layer has width of face equal to the width of recording track, and the 1st portion. 
[0049] Moreover, in the 2nd; thin film magnetic head or its manufacture method of this invention, it is formed in ay 
magnetic pole partial layer, and the insulating-layer stowage which contains the insulating layer for a throat height 
convention f or specifying throat height, and the insulating layer for a throat height convention contained by the ^ 
insulating^layer stowage may be prepared. j: :tv _- 

[0050] Moreover, in the 2nd thin film magnetic head or its manufacture method of this invention, some thin film coils 
[ at least ] may be arranged in the side of a magnetic pole partial layer. In this case, some thin film coils [ at least ] 
arranged in the side of a magnetic pole partial layer may be covered, and the coil insulation layer to which flattening 
of the field by the side of a gap layer was carried out with the field, by the side of the gap layer in a magnetic .pole 
partial layer may be prepared. , f . .. ,....„, 

[0051],,;.' . ..... ,'. - ... . . .p; .... V, , 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained in detail with 
ref rence to a drawing., _ ..--..«. . . . ■■. , .. ,\, , ^:-M?i-j*n.- :;»*( ; .\i-.r ?. .:i ; 

[the gestalt of. the 1 st operation] — with reference to drawing 1 or draw ing 9 .,. the thi n .film- magnetic head : ; 
concerning the gestalt of operation of the 1st of this invention and its manufacture me^od are explained first In . 
addition, in drawing 1 or drawing 8 , (a) shows a cross, section perpendicular to a pneumatic bearing side, and (b); 
shows the cross section parallel to the pneumatic bearing side of a magnetic pole portipn.,; - t , , , - . :L ; i 
[0052] By the manufacture method of the thin film magnetic head concerning the gestalt of this operation, first, as - t 
shown in drawing 1 , the insulating layer 2 which consists of an alumina i (aluminum 203) is deposited by the 
thickness of about 5 micrometers on th substrate 1 which consists of ARUTIKKU (aluminum 203, TiQ). ; Nex^ the 
lower shi Id layer 3 for th reproducing h ads which consists of a magnetic mat rial,. for example, a perjrnalloy, is ... 
formed on an insulating layer 2 at the thickn ss of about 3 micrometers. The lower shi Id layer 3 uses for xampje, a 
photoresist film as a mask, and forms it alternatively on an insulating layer 2 by th galvanizing method. Next, it 
grinds until it forms in the thickness of 4-5 microm ters the insulating layer 31 which consists of an alumina, for 
example, the lower shield layer 3 is expos d to the whol with chemical machinery polish (it is hereafter described 
as CMP.), and flattening processing of the front fac is cam d out. 
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[0053] Next, the lower shield gap film 4 as an insulator layer is formed on the lower shield layer 3 at the thickness of 
about 20-40nm. Next, the MR element 5 for reproduction is formed on the lower shield gap film 4 at the thickness of 
dozens of nm. The MR element 5 forms MR film formed by the spatter by **********i n g alternatively. In addition, 
the element using the magnetosensitive film in which the magnetoresistance effects, such as the AMR element, a 
GMR element, or a TMR (tunnel magnetoresistance effect) element, are shown can be used for the MR element 5. 
Next, the electrode layer 6 of the couple electrically connected to the MR element 5 is formed on the lower shield 
gap film 4 at the thickness of dozens of nm. Next the up shield gap film 7 as an insulator layer is formed on the 
lower shield gap film 4 and the MR element 5 at the thickness of about 20-40nm, and the MR element 5 is laid 
underground in the shield gap film 4 and 7. As an insulating material used for the shield gap films 4 and 7, there are 
an alumina, alumimium nitride, diamond-like carbon (DLC), etc. Moreover, the shield gap films 4 and 7 may be formed 
by the spatter, and may be formed by the chemical vapor-growth (CVD) method. In forming the shield gap films 4 
and 7 which consist of an alumina film by CVD, as a material, it uses a trimethylaluminum (aluminum3 (CH3)) and 
H20. If CVD is used, it will become it is thin, and is precise and possible to form the few shield gap films 4 and 7 of 
a pinhole. 

[0054] Next, the up shield layer 8 for the reproducing heads which consists of a magnetic material, for example, a 
permalloy, is formed on the up shield gap film 7 at the thickness of 1.0 micrometers. 

[0055] Next, the insulator layer 9 which consists of an alumina in order to insulate the reproducing head and a 
recording head magnetically is formed on the up shield layer 8 at the thickness of 0.1-0.2 micrometers. 
[0056] Next, as shown in drawing 2 , yoke partial layer 1 0b which becomes a yoke portion in the lower magnetic pole 
layer 10 for recording heads by the magnetic material is alternatively formed by the thickness of 1.5 micrometers on 
an insulator layer 9. In addition, the lower magnetic pole layer 10 consists of this yoke partial layer 10b, and 
magnetic pole partial layer 10a and connection slice 10c which are mentioned later. The edge by the side of the 
pneumatic bearing side 30 of yoke partial layer 1 0b is arranged in the position distant from the pneumatic bearing 
side 30. ' 5 ? - -'• ■ ■ - ■ - ■ w ■' 

[0057] Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, Fe:55 % of the 
weight) which is high saturation-magnetic-flux-density material, yoke partial layer 1 0b may be formed by the 
galvanizing method, and may be formed by the spatter using material, such as FeN, FeZrN; etc. which are high 
saturatibn-magnetic-flux^density material. In addition; you i may use CoFe, Co system amorphous material, etc. 
which are high saturation-magnetic-flux-density material. l . j 

[0058] Next, it grinds until it forms in the thickness of about 2-3 micrometers the insulating layer which consists of 
an alumina, for example; yoke partial layer 10b is exposed to the whole w 

front face is carried out Thereby, as shown in drawing 2 , in the portion from the edge b^ the side of the pneumatic 
bearing side 30 of yoke partial layer 1 0b to the pneumatic bearing side 30, an insulating layer 11 is formed on an 
insulator layer 9. Moreover, an insulating layer 32 is formed in other portions on an insulator layer 9: 
[0059] Next, as shown in drawing 3 , while forming magnetic pole partial layer 10a of the lower magnetic pole layer 
10 oh ah insulating layer 11 and yoke partial layer 10b, connection slice 10c is formed on yoke partial layer 10b. 
Magnetic pole partial layer 10a contains the magnetic pole portion in the lower magnetic pole layer 10. Connection 
slid 10c is arranged in the position near the center of the thin film coil mentioned later. Thickness of magnetic pol 
partial layer 10a and connection slice 10c is set to 1.0 micrometers. "■■ 

[0060] Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight; Fe:55 % of the 
weight) which is high saturation-magnetic-flux-density material, magnetic pole partial layer 10a of the lower 
magnetic pole layer 10 and connection slice 10c may be formed by the galvanizing method, arid may be formed by 
the spatter using material, such as FeN, FeZrN, etc. which are high saturation-magnetic-flux-density material. In 
addition, you may use CoFe, Co system amorphous material, etc. which are high saturatioh-magnetic-flux-densrty 
mat rial. -■■ % - — . ■■ f ;i ^ryM?; ■ 

[0061] Next, only 0.3-0.6 micrometers ********** s the portion of an opposite side by ion milling etc. in the r 
pneumatic bearing side 30 from a desired throat height zero position among the upper surfaces of magnetic pole 
partial layer 10a. The insulating-layer stowage 12 which contains by this the insulating layer for a throat height 
conv ntion for specifying the throat height later mentioned into the portion of an opposite side in a throat height 
z ro position to the pneumatic bearing sicle 30 in magnetic pole partial layer 10a is formed. 

[0062] Next it grinds until it forms in the thickness of about 2-3 micrometers the insulating layer 13 which consists 
of an alumina, for example; magnetic pole partial layer 10a and connection slice 10c are exposed to the whole with 
CMP, and flattening processing of the front face is carried out As shown In drawing 3 . the portion contained by th 
insulatingHayer stowage 12 among insulating layers 13 serves as an insulating layer for a throat height convention. 
[0063] Next as shown in drawing 4 V the record gap layer 14 which becomes the whole from an insulating material is 
form d in the thickness of 0.1-0.15 micrometers. Generally as ah insulating material used for the record gap layer ' 
14, there are an alumina, alumimium nitride, silicon oxide system material, silicon nitride system material, diamond- 
lik carbon (DLC), etc. Moreover, the record gap layer 14 may be form d by the spatter, and may be formed by the 
chemical vapor-growth (CVD) method. In forming the record gap lay r 14 which consists of an alumina film by CVD, 
as a material; it us s a trimethylaluminum (alumiriurri3 (CH3)) arid H20. If CVD is used, it will b come it is thin, and is 
precise and possib I to form th few record gap layer 1 4 of a pinhole. ' " : ~ 

[0064] Next for magnetic-path formation, in the position n ar th center of the thin film coil mentioned later, the 
record gap lay r 14 is **********ed partially and contact hoi 14Aisform d. 

[0065] Next, th 1st lay r portion 15 of the thin film coil which consists of copper is form d by the frame galvanizing 
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method on the record gap layer 14 by the thickness of 1.0-2.0 micrometers, and the 1 .2-2.0-micrometer coil pitch. 
The 1st layer portion 15 of a thin film coil is formed so that it may be wound focusing on connection slice 10c. In 
addition, sign 15a shows among drawing the connection for connecting with the 2nd layer portion 20 which m ntions 
the 1 st layer portion 1 5 of a thin film coil later. Next, a photoresist layer 1 6 is formed so that the 1 st layer portion 
15 of a thin film coil may be enclosed. 

[0066] Next, as shown in drawing 5 , in the position near [ by the side of the pneumatic bearing sid 30 of the record 
gap layer 14 ] the edge, magnetic pole partial layer 17a containing the magnetic pole portion in the up magnetic pole 
layer 17 is formed on the record gap layer 14. At this time, simultaneously, connection slice 17c is formed on 
contact hole 1 4A, and the connection layer 1 8 is formed on connection 1 5a in the 1 st layer portion 1 5 of a thin film 
coil. Magnetic pole partial layer 17a, connection slice 17c, and the connection layer 18 are formed by the same 
magnetic material, and set thickness to 3 micrometers. Connection slice 17c is connected to connection slice 10c 
of the lower magnetic pole layer 10. The up magnetic pole layer 17 consists of magnetic pole partial layer 17a and 
connection slice 17c, and yoke partial layer 17b mentioned later. 

[0067] Magnetic pole partial layer 17a f connection slice 17c t and the connection layer 18 NiFe (nickel:80 % of the 
weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, Fe:55 % of the weight) which is high saturation- 
magnetic-flux-density material are used. It may form in a predetermined pattern by the galvanizing method, and 
using material, such as FeN, FeZrN, etc. which are high saturation-magnetic-flux-density material, after a spatter, it 
**********s alternatively and you may form in a predetermined pattern by ion mijling etc. In addition, you may use 
CoFe, Co system amorphous material, etc. which are high saturation-magnetic-flux-dens ity materia). 
[0068] Next, as shown in dr awin g 6 , in the circumference of magnetic pole partial layer 17a, the record gap layer 14 
is alternatively **********ed by dry etching by using magnetic pole partial layer 1 7a as a mask. Reactive ion 
etching (it is hereafter described as RIE.) which used gas, such as chlorine-based gas of BCI2 and CI2 grade and 
fluorine system gas of CF4 and SF6 grade, is used for the dry etching at this time. Next, in the circumference of 
magnetic pole partial layer 1 7a, it considers as trim structure as **********s about about 0.3-0.6 micrometers 
alternatively and showed magnetic pole partial layer 10a of the lower magnetic pole layer 10 to drawing 6 (b) by the 
ion milling using argon system gas by using magnetic pole partial layer 1 7a as a mask According to this trim 
structure, the increase in the effective width of recording track by the breadth of the magnetic flux generated at the 
time of the writing of a ** truck can be prevented. In addition, you may make equal the width of face of magnetic 
pole partial layer 17a and the width of face of magnetic pole partial layer 10a in the pneumatic bearing side 30 over 
the whole thickness direction. In this case, in the circumference of magnetic pole partial layer 17a, magnetic pole 
partial layer 17a is used as a mask, and you may ********** the record gap layer 14 and magnetic pole partial layer 
10a, and may ********** magnetic pole partial layer 17a, the record gap layer 14, and magnetic pole partial layer 
10a by using as ; a mask the mask layer formed on magnetic pole partial layer 17a. 

[0069] Next, the coil insulation layer 19 which consists of an alumina is formed in the whole at.the thickness of 
about 3-4 micrometers. Next, for example by CMP, the coil insulation layer 19 is ground and flattening processing of 
the front face is carried out until magnetic pole partial layer 17a, connection slice 17c, and the connection layer 18 
are exposed. 

[0070] Next, as shown in drawing 7 , the 2nd layer portion 20 of the thin film coil which consists of copper is formed 
by the frame galvanizing method on the coil insulation layer 19 by the thickness of 1.0-2.0 micrometers, and the 1.2- 
2.0-micrometer coil pitch. t The 2nd layer portion 20 of a thin film coil is formed so that it may be wound focusing on 
connection slice. 17c. In addition, sign 20a shows the connection for connecting the 2nd layer portion 20 of a thin 
film coil to the 1st layer portion 15 among drawing. Connection 20a is connected to connection 15a of the 1st lay r 
portion 15. through the connection layer 18. Next, a photoresist layer 21 is formed so that, the 2nd layer portion 20 
of a thin film coil may be covered. 

[0071] Next, as shown in drawin g 8 , yoke partial layer 17b used as the yoke portion of the up magnetic pole layer 
17 is formed at the thickness of 2.0-3.0 micrometers on magnetic pole partial layer 17a, a photoresist layer 21, and 
connection slice 17c. Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, 
Fe:55 % of the weight) which is high saturatiort-magnetic-flux-density material, yoke partial layer 1 7b may be formed 
in a predetermined pattern by the galvanizing method, using material, such as FeN, FeZrN, etc. which are high ; . 
saturation-magnetic-flux-density materia),. £*********s alternatively and may be formed in a predetermined patt rn 
by ion milling etc. after a spatter. In addition, you may use CoFe, Co system amorphous material, etc. which are high 
saturation-magnetic-flux-density material. Moreover, it is good also as structure which laid the insulator layer of an 
inorganic system, and magnetic layers, such as a permalloy, on top of many layers for yoke partial layer 17b because 
of an improvement of a RF property. 

[0072] Moreover, the edge by the side of the pneumatic bearing side 30 of yoke partial layer 17b is arranged in th 
position distant from the pneumatic bearing side 30. 

[0073] Next, the overcoat layer 22 which consists of an alumina is formed in the thickness of 20-40 micrometers, 
flattening of the front fac is carried out to th whol , and the pad for electrod s which is not illustrat d is f rm d 
on Ft. Finally polish proc ssing of the slider containing above-mentioned ach class is performed, the pneumatic 
bearing side 30 of the thin film magnetic head containing a recording h ad and the r producing head is formed, and 
the thin film magnetic head concerning th gesta It of this operation is com pi t d. - 
[0074] Drawing 9 is a perspective diagram in which it is shown near the magnetic pol portions of the lower 
magnetic pole layer 10 in th thin film magn tic h ad concerning the gestalt of this operation, and th up magnetic 
pol layer, 17. 
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[0075] With the gestalt of this operation, the lower magnetic pole layer 10 is equivalent to the 1st magnetic layer in 
this invention, and the up magnetic pole layer 1 7 is equivalent to the 2nd magnetic layer in this invention. Moreover, 
the lower shield layer 3 is equivalent to the 1st shield layer in this invention, and the up shield layer 8 is y quivalent 
to the 2nd shield layer in this invention. 

[0076] As explained above, the thin film magnetic head concerning the gestalt of this operation is equipp d with th 
medium opposed face (pneumatic bearing side 30) which counters a record medium, the reproducing head, and th 
recording head (induction type electromagnetism sensing element). The reproducing head and the recording head 
are magnetically insulated by the insulator layer 9. 

[0077] The reproducing head is arranged so that the MR element 5 and the part by the side of the pneumatic 
bearing side 30 may counter on both sides of the MR element 5, and it has the lower shield layer 3 and the up shield 
layer 8 which shield the MR element 5. 

[0078] The lower magnetic pole layer 10 and the up magnetic pole layer 17 which contain at least one layer including 
the magnetic pole portion which the recording head of each other is connected magnetically and counters the 
pneumatic bearing side 30 side mutually, respectively, It has the record gap layer 14 prepared between each 
magnetic pole portion of these two magnetic pole layers 10 and 1 7, and the thin film coils 15 and 20 with which th 
part [ at least ] was arranged in the state where it insulated to two magnetic pole layers 10 and 17 between tries 
two magnetic pole layers 1 0 and 1 7. • 
[0079] One field (upper surface) adjoins the record gap layer i 4, it connects with the field (inferior surface of 
tongue) of another side of magnetic pole partial layer 10a containing the magnetic pole portion in the lower magnetic 
pole layer 10, and magnetic pole partial layer 10 a, and the lower magnetic pole layer 10 has yoke partial layer 10b 
used as the yoke portion in the lower magnetic pole layer 1 0. The edge by the side of the pneumatic bearing side 30 
of yoke partial layer 10b is arranged in the position distant from the pneumatic bearing side 30. The insulating layer 
1 1 is arranged at the portion from the edge by the side of the pneumatic bearing side 30 of yoke partial layer 10b to 
the pneumatic bearing side 30; " ' * ""' >- 

[0080] One field (inferior surface of tongue) adjoins the record gap layer 14, it connects with the field (upper 
surface) of another side of magnetic pole partial layer 17a containing the magnetic pole portion in the up magnetic 
pole layer 17, and magnetic pole partial layer 17a, and the up magnetic pole layer 17 Has yoke partial layer 1 7b us d 
as the yoke portion in the up magnetic pole layer 171 The edge by the side of the pneumatic bearing side 30 of yoke 
partial layer 1 7b is arranged in the position distant from the pneumatic b^^ 

[0081] Moreover, as shown in drawing 9 , magnetic pole partial layer 10a in the lower magnetic pole layer 10 s 
contains the 2nd portion ten a2 into which an end is arranged in the pneumatic bearing side 30; and the 1st portion 
ten at which has width of face at least with a part equal to recording track width of face; and the pneumatic bearing 
side 30 in the 1st portion ten a1 are connected With an opposite side, and Have larger width of face than recording 
track width of face. Moreover, the insulating-flayer stowage 12 is formed in the field by the side of the record gap 
layer 14 of magnetic pole partial layer 10a in the pneumatic bearing side 30 from the throat height zero position at 
the portion of an opposite side. The insulating layer for a throat height convention which is a part of insulating layer 
13 (not shown in aVawipgif ) is contained by this insulating-layer stowage 12. With the gestalt of this operation, th 
edge by the side of the pneumatic bearing side 30 of the insulatingHayer stowage 12 specifies throat heights 
[0082] The 2nd portion 1 7a2 into which the 1st portion 17a 1 into which an end is arranged in the pneumatic bearing 
side 30, and magnetic pole partial layer 17a in the up magnetic pole layer 17 has width of face equal to recording 
track width of face, and the pneumatic bearing side 30 in the 1st portion 17a 1 are connected With an opposite sid . 
and Have larger width of face than recording track width of fade is included. ^ 

[0083] Moreover, the 1 st layer portion 15 of a thin film coil is arranged in the side of magnetic pole partial layer 17a 
of the up magnetic pole layer 17. The 1st layer portion 15 is covered by a photoresist layer 1 6 arid the coil 
insulation layer 1 9, and flattening of the upper surface of the coil insulation layer 19 is carried out with the upper 
surface of magnetic pole partial layer 1 7a. And the 2nd layer portion 20 of a thin film coil is formed on this coil 
insulation layer' 19. • r - - ,j - '" v< ■ v :.':»•■( ' 

[0084] As explained above, with the gestalt of this operation, the lower magnetic pole layer 1 0 arid the up magnetic 
pol layer 17 have the magnetic pole partial layers 10a and 1 7a and the yoke partial layers 1 0b and 17b; 
respectively. Therefore, according to the gestalt of this operation, it becomes possible tb'forrh minutely the 
magnetic pole partial layers 10a and 17a containing a magnetic pole portion With a sufficient precision:- Moreover, 
with the gestalt of this operation, the edge by the side of the pneumatic bearing side 30 of each yoke ' partial layers 
10b arid 17b is arranged itf the position distant from the pneumatic bearing side 30. Therefore, what is necessary is 
not to be about four layers of the magnetic pole partial layers 10a and 17a and the yoke partial layers 10b and 17b, 
and to make equal width of face of a magnetic pole portion with the gestalt of this operation, only about two layers 
of the magnetic pole partial layers 10a and 17a, when making equal the width of face of the magnetic pole portion of 
the up magnetic pole layer 17 and the width of face of the magnetic pole portion of the lower magnetic pole layer 10 
in the pneumatic b aring side 30. Th r fore, according to the g staltof this operation, it can perform making equal 
width of fac of the magnetic pol portion of th up magnetic pol layer 1 7, and width of face of the magnetic pol 
portion of the low r magnetic pole lay r 10 with an easily and sufficient precision/ According to the gestalt of this 
operation from the abov thing, it becom s possibl to form the magn tic p I portion of a r cording head (induction 
type electromagnetism sensing element) with a sufficient pr cision. 

[0085] Moreover, since the edg by the side of the pneumatic bearing sid 30 of ach yok partial layers 10b and 
1 7b has been arranged in the position distant from th pneumatic bearing sid 30 according to the gestalt of this 
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operation, the writing of the data to fields other than the field which should be recorded, i.e., a side light, can be 
prevented. 

[0086] By the way, by the compound-die thin film magnetic head of structure by which the lower magnetic pole 
layer of a recording head served as the up shield layer of the reproducing head, the trouble that a noise occurred or 
change of a regenerative signal became large was in the regenerative signal in the reproducing head immediately 
after record operation in a recording head conventionally. It is thought that on of the cause of the is the remnant 
magnetism generated in a record head end with record operation of a recording head and its change. 
[0087] On the other hand, with the gestalt of this operation, while separating the up shield layer 8 of the reproducing 
head, and the lower magnetic pole layer 10 of a recording head, the insulator layer 9 is arranged among these. 
Thereby, the influence to the MR element 5 of the remnant magnetism generated in a recording head side can be 
reduced. Furthermore, with the gestalt of this operation, since the edge by the side of the pneumatic bearing side 30 
of yoke partial layer 10b of the lower magnetic pole layer 10 is arranged in the position distant from the pneumatic 
bearing side 30 and the insulating layer 1 1 is arranged into the portion from the edge by the side of the pneumatic 
bearing side 30 of yoke partial layer 1 0b to the pneumatic bearing side 30, between the magnetic pole portion of a 
recording head and the MR elements 5 of the reproducing head is magnetically separable with an insulating layer 11. 
Consequently, according to the gestalt of this operation, the influence to the MR element 5 of the remnant 
magnetism generated in a recording head side can be further reduced by the insulating layer 1 1. Therefore, 
according, to the gestalt of this operation, the noise and change which originate in record operation of a recording 
head and are generated in the regenerative signal in the reproducing head can be reduced. 

[0088] Moreover, with the gestalt of this operation, the edge by the side of the pneumatic bearing side 30 of the 
insulating-layer stowage 1 2 has prescribed throat height By the way, there is **** from which the saturation of 
magnetic flux produces the whole magnetic pole partial layer 10a of the lower magnetic pole layer 10 in this portion 
in order that the cross section of a magnetic path may decrease rapidly as length equal to throat height by part for 
the connection of magnetic pole partial layer 10a of the lower magnetic pole layer 10 and yoke partial layer 10b, 
when the edge of magnetic pole partial layer 1 0a prescribes throat height This becomes remarkable when especially 
throat height becomes small. 

[0089] On the other hand, with the gestalt of this operation, the insulating-layer stowage 12 was formed in magnetic 
pole partial layer 10a of the lower magnetic pole layer 10, and the edge by the side of the pneumatic bearing side 30 
of this insulating-layer stowage 1 2 has prescribed throat height Therefore, according to the gestalt of this 
operation, also in the position distant from the pneumatic bearing side 30, magnetic pole partial layer 10a and yok 
partial layer 10b can be contacted rather than a throat height>erp position. Therefore, according to the gestalt of 
this operation, in the lower magnetic pole layer 10, the cross section of a magnetic path cannot decrease rapidly, 
and the saturation of the magnetic flux in the middle of being a magnetic path can be prevented. Consequently, 
according to the gestajt of this operation, it becomes possible to use efficiently for record the magnetomotive force 
generated with the thin film coils 15 and 20. 

[0090] Moreover, with the gestalt of this operation, the 1 st layer portion 15 of a thin film coil is arranged to the sid 
of magnetic pole partial layer 17a of the up magnetic pole layer 17, and is formed on the flat record gap layer 14. 
Therefore, according to the gestalt of this operation, it becomes possible to form the 1st layer portion 1 5 with , a 
sufficient precision minutely. Furthermore, with the gestalt of this operation, flattening of the upper surface of the 
wrap coil insulation (ayer 19 is carried out for the 1st layer portion 15 with the upper surface of magnetic pole 
partial layer 1 7a, and the 2nd layer portion 20 of a thin film coil is formed on this flat coil insulation layer 19. 
Th refore, according to the gestalt of this operation, it becomes possible to also form the 2nd layer portion 20 with 
a sufficient precision minutely. Moreover, according to the gestalt of this operation, the edge of the 1 st layer portion 
15 of a thin film coil can be arranged near the edge of an opposite side in the pneumatic bearing side 30 of magnetic 
pole partial layer 1 7a. 

[0091] According to the gestalt of this operation from these things, compared with the former, it becomes reducibl 
[ magnetic-path length ]. Furthermore, it can. prevent that the magnetomotive force generated with the thin film ; 
coils 15 and 20 is saturated on the way, and the magnetomotive force generated with the thin film coils 15 and 20 
can be efficiently used for record. Therefore, according to the gestalt of this operation, it becomes possible to off r 
th thin film magnetic head which was excellent in the over-writing property which are the RF property of a 
recording head, a nonlinear transition shift (Non-linear Transition Shrft;NLTS), and a property in the case of carrying 
out overwrite. . v k : 

[0092] With reference to [the gestalt of the 2nd operation] next drawing 10 , or drawing 14 , the thin film magnetic; 
head, concerning the gestalt of operation of the 2nd of this invention and its manufacture method are explained. In 
addition, in drawing 10 or drawing 14 , (a) shows a cross section perpendicular to a pneumatic bearing side, and (b) 
shows the cross section parallel to the pneumatic bearing side of a magnetic pole portion. .,...•> ; 

[0093] The thin film magnetic head concerning the gestalt of this operation is the example which constitutes a thin 
film coil from on layer* and specified throat height by th up magnetic pole layer side. The process which forms the 
up shield gap film ? by the manufacture method of th thin film magnetic head concerning th gestalt of this 
op ration is the same as th gestalt of the 1st operation. 

[0094] In the gestalt of this operation next, as shown in drawing 10 , the up shield layer 8 forthe reproducing, heads 
which consists of a magnetic material, for exam pi , a permalloy, is arternativ ly formed by th thickness of 1.0 
micromet rs on the up shield gap film 7. Next, it grinds until it forms in the thickness of about 2-3 micromet rs the 
insulating layer 34 which consists of an alumina, for xample, the up shield layer 8 is xposed to the whole with 
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CMP, and flattening processing of the front face is carried out. 

[0095] Next, the insulator layer 9 which consists of an alumina in order to insulate the reproducing head and a 
recording head magnetically is formed on the up shield layer 8 and an insulating layer 34 at the thickness of 0.1-0.2 
micrometers. 

[0096] Next, yoke partial layer 40b which becomes a yok portion in the lower magnetic pole layer 40 for recording 
heads by the magnetic material is alternatively form d by the thickness of 1 .5 micrometers on an insulator layer 9. 
In addition, the lower magnetic pole layer 40 consists of this yoke partial layer 40b, and magnetic pole partial layer 
40a and connection slice 40c which are mentioned later. The edge by the side of the pneumatic bearing side 30 of 
yoke partial layer 40b is arranged in the position distant from the pneumatic bearing side 30. The material and the 
formation method of yoke partial layer 40b are the same as that of yoke partial layer 1 0b in the gestalt of the 1 st 
operation. 

[0097] Next, it grinds until it forms in the thickness of about 2-3 micrometers the insulating layer which consists of 
an alumina, for example, yoke partial layer 40b is exposed to the whole with CMP. and flattening processing of the 
front face is carried out Thereby, as shown in drawing 10 , in the portion from the edge by the side of the 
pneumatic bearing side 30 of yoke partial layer 40b to the pneumatic bearing side 30, an insulating layer 41 is form d 
on an insulator layer 9. 

[0098] Next, while forming magnetic pole partial layer 40a of the lower magnetic pole layer 40 on an insulating layer 
41 and yoke partial layer 40b, connection slice 40c is formed on yoke partial layer 40b. Magnetic pole partial layer 
40a contains the magnetic pole portion in the lower magnetic pole layer 40. Connection slice 40c is arranged in the 
positron near the center of the thin film coil mentioned later. Thickness of magnetic pole partial layer 40a and 
conn ction slice 40c is set to 1 .0 micrometers. 

[0099] The material and the formation method of magnetic pole partial layer 40a of the lower magnetic pole layer 40 
and connection slice 40c are the same as that of magnetic pole partial layer 10a of the lower magnetic pole layer 10 
and connection slice 10c in the gestalt of the 1st operation. 

[0100] Next, it grinds until it forms in the thickness of about 2-3 micrometers the insulating layer 43 which consists 
of an alumina, for example, magnetic pole partial layer 40a and connection slice 40c are exposed to the whole with 
CMP, and flattening processing of the front fade is carried out 

[0101] Next, the record gap layer 44 which becomes the whole from an insulating material is formed in the thickness 
of 0.1-0.15 micrometers. The material and the formation method of the record gap layer 44 are the same as that of 
the record gap layer 1 4 in the t gestalt of the 1 st operation. . . 

[0102] Next; for magnetic-path formation, in the position hear the center of the thin film coil mentioned later, the 
record gap layer 44 is ********** e d partially and contact hole 44A is formed. r ^ 

[0103] Next, as shown in drawing 11 . the thin film coil 45 which consists of copper is formed by the frame 
galvanizing method on the record gap layer 44 by 'the thickness of 1.0-2:0 micrometers, and the 1.2-2.0-micrometer 
coil pitch. The thin film coil 45 is formed so that it may be wound focusing on connection slice 40c. In addition, sign 
45a shows among drawing the connection for connecting with the lead layer 50 which mentions the thin film coil 45 
later. Next, a photoresist layer 46 is formed so that the thin film coil 45 may be enclosed. 

[0104] Next, as shown in drawing 12 , in the position near [ by the side of the pneumatic bearing side 30 of the 
record gap layer 44 ] the edge, magnetic pole partial layer 47a containing the magnetic pole portion in the up 
magnetic pole layer 47 is formed on the record gap layer 44. At this time, simultaneously, connection slice 47c is 
formed on contact hole 44A, and the connection layer 48 is formed oh connection 45a, in the thin film coil 45. 
Magnetic pole partial layer 47a, connection slice 47c, and the connection layer 48 are formed by the same magnetic 
material, and set thickness to 3 micrometers. 

[0105] Connection slice 47c is connected to connection slice 40c of the lower magnetic pole layer 40. The up 1 
magnetic pole layer 47 consists of magnetic pole partial layer 47a and connection slice 47c, and yoke partial layer 
47b mentioned later 

[0106] The material and the formation method of magnetic pole partial layer 47a, connection slice 47c, and the 
conn ction layer 48 are the same as that of magnetic pole partial layer 1 7a in the gestalt of the 1st operation, 
conn ction slice 17c, and the connection layer 18. 

[0107] With the gestalt of this operation, it is formed on a photoresist layer 46 near [ a part of ] the edge of an 
opposite side in the pneumatic bearing side 30 in magnetic pole partial layer 47a. Moreover, the edge by the side of 
the pneumatic bearing side 30 of a photoresist layer 46 specifies throat height. Therefore, with the gestalt of this 
operation, a part of photoresist layer 46 arranged between magnetic pole partial layer 47a and the record gap layer 
44 turns into an insulating layer for a throat height convention. Moreover, the portion which contains the insulating 
layer for a throat height convention in magnetic pole partial layer 47a serves as an insulating-layer stowage. 
[0108] Next, in the circumference of magnetic pole partial layer 47a, the record gap layer 44 is alternatively 
********** e d by dry etching by using magnetic pole partial layer 47a as a mask. Next, in the circumferehce of ' 
magn tic pole partial lay r 47a, it consid rs as trim structur as ********** s about about 0.3-0.6 microrri t rs 
alternativ ly and showed magnetic pole partial lay r 40a of the lower magnetic pol lay r 40 to drawing 12 (b) by the 
ion milling using argon syst m gas by using magnetic pol partial layer 47a as a mask. In addition, you may mak 
equal the width of face of magn tic pole partial layer 47a and the width of fac of magn" tic pol partial lay r 40a in 
the pneumatic b aring side 30 over the whole thickn ss direction. In this case, in the circumf renc of magn tic 
pole partial lay r 47a, magn tic pole partial layer 47a is us d as a mask, and you may ********** the record gap 
layer 44 and magn tic pol partial lay r 40a, and may ********** magnetic pole partial layer 47a, th r cord gap 
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layer 44, and magnetic pole partial layer 40a by using as a mask the mask layer formed on magnetic pole partial layer 
47a. 

[0109] Next, as shown in drawing 1 3 , the coil insulation layer 49 which consists of an alumina is formed in the whole 
at the thickness of about 3-4 micrometers. Next, for example by CMP, th coil insulation layer 49 is ground and 
flattening processing of the front face is carried out until magnetic pole partial layer 47a, connection slice 47c, and 
the connection layer 48 are exposed. 

[01 10] Next, yoke partial layer 47b used as the y ok portion of the up magnetic pole layer 47 is formed at the 
thickness of 2.0-3.0 micrometers on magnetic pole partial layer 47a, the coil insulation layer 49, and connection slice 
47c. At this time, the lead layer 50 connected to the connection layer 48 is simultaneously formed on the coil 
insulation layer 49 at the thickness of 2.0-3.0 micrometers. The material and the formation method of yoke partial 
layer 47b and the lead layer 50 are the same as that of yoke partial layer 1 7b in the gestalt of the 1 st operation. 
Moreover, the edge by the side of the pneumatic bearing side 30 of yoke partial layer 47b is arranged in the position 
distant from the pneumatic bearing side 30. 

[01 11] Next, as shown in drawing 1 4 , the overcoat layer 52 which consists of an alumina is formed in the thickness 
of 20-40 micrometers, flattening of the front face is carried out to the whole, and the pad for electrodes which is 
not illustrated is formed on rt Finally polish processing of the slider containing above-mentioned each class is 
performed, the pneumatic bearing side 30 of the thin film magnetic head containing a recording head and the 
reproducing head is formed, and the thin film magnetic head concerning the gestalt of this operation is completed. 
[01 1 2] With the gestalt of this operation, the lower magnetic pole layer 40 is equivalent to the 1 st magnetic layer in 
this invention, and the up magnetic pole layer 47 is equivalent to the 2nd magnetic layer in this invention. 
[01 13] With the gestalt of this operation, while arranging the thin film coil 45 to the side of magnetic pole partial 
lay r 47a of the up magnetic pole layer 47, flattening of the upper surface of the wrap coil insulation layer 49 is' 
carried out for the thin film coil 45 with the upper surface of magnetic pole partial layer 47a, and yoke partial layer 
47b of the up magnetic pole layer 47 is formed on this flat coil insulation layer 49. Therefore, according to the 
gestalt of this operation, it becomes possible to form yoke partial layer 47b with a sufficient precision. 
[01 14] The composition of others in the gestalt of this operation, the operation, and the effect are the same as th 
gestalt of the 1 st operation. 

[01 1 5] With reference to [the gestalt of the 3rd operation] next drawing 15 , or drawing 18 , the thin film magnetic 
head concerning the gestalt of operation of the 3rd of this invention and its manufacture method are explained. In 
addition, in drawing 15 or drawing 18 , (a) shows a cross section perpendicular to a pneumatic bearing side, and (b) 
shows the cross section parallel to the pneumatic bearing side of a magnetic pole portion. 

[01 16] The thin film magnetic head concerning the gestalt of this operation is the example which constitutes a thin 
film coil from one layer, and specified throat height by the up magnetic pole layer side like the gestalt of the 2nd 
operation. The process which forms the record gap layer 44 and forms contact hole 44A in this, record gap layer 44 
by the manufacture method of the thin film magnetic head concerning the gestalt of ^his operation is the same as 
th gestalt of the 2nd operation. 

[01 17] With the gestalt of this operation next, as shown in drawing 15 , the insulating layer 66 which is missing from 
the position near the contact hole 44A from the position which only a predetermined distance separated from the 
pn umatic bearing side 30 on the record gap layer 44, for example, consists of an alumina is formed in the thickn ss 
of 0.8 micrometers. 

[0118] Next, sputtering of the high saturation-magnetic-flux-density material, such as FeN and FeCo, is carried out 
to the whole, and pattemingred film 67p is formed in it at the thickness of 1.5-2.0 micrometers. Next, the mask 
layers 68a and 68b of a predetermined pattern are formed by insulating materials, such as an alumina, on this 
patterning-ed film 67p at. the thickness of 1.0 micrometers. Mask layer 68a is formed on the portion used as 
magnetic pole partial layer 67a later mentioned among patterning-ed film 67p, and mask layer 68b is formed on th 
portion located on contact hole 44A among patterning-red film 67p. On for example, an alumina layer, the mask 
lay rs 68a and 68b form the metal layer by which patterning was carried out, and are formed by ***^*####jng an 
alumina layer by RIE by. using this metal lay eras a mask. : .. ;> - 

[0119] Next, patterning-ed film 67p and an insulating layer 66 are ^*^*^#*ed.by ,RIE by using the mask, layers 
68a and 68b as a mask. By this, patterning of the patteming-ed film 67p is carried out, magnetic pole partial layer 
67a containing the magnetic pole portion of ; the up magnetic pole layer 67; and connection slice 67c connected to 
th lower magnetic pole layer 40 are formed, patterning of the. insulating layer 66 is carried put, and it is set to. 
insulating-layer 66a for a throat height convention. Moreover, the portion which contains insulating-layer 66a for a 
throat height convention in magnetic pole partial layer 67a serves as an insujatingrlayer stowage. The up magnetic 
pol layer, 67 consists of magnetic pole partial layer 67a and connection slice 67c, and yoke partial layer 67b. ; 
m ntioned later. 

[0120] Next, in the circumference of magnetic pole partial layer 67a, trim structure as ****5«c«***«s and showed 
magnetic pol partial, layer 40a of th record gap layer 44 and th lower magnetic pole layer 40 to drawing 15 (b) is 
form d by RIE by using mask (ayer 68a as a mask. . . 

[0121] N xt, as sh wn in drawing 16 , th thin film coil 69 which consists of copper is form d by the frame 
galvanizing method on the record gap layer 44 by the thickness of 1.0-2.0 micromet rs, and the t.2-2.0-micrometer 
coil pitch. The thin ; film coil 69 is formed so that it may b wound focusing on conn ction slice 68c. In addition, sign 
69a shows among drawing th connection for connecting with th lead layer 72 which m ntions the thin film coil 69 
later. Next, a photoresist layer 70 is formed so that the thin film coil 69 may be nclosed. 
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[0122] Next, as shown in <towjng,J 7 , the coil insulation layer 71 which consists of an alumina is formed in the whole 
at the thickness of about 3-4 micrometers. Next, for example by CMP, the coil insulation layer 71 is ground and 
flattening processing of the front fac is carried out until magnetic pole partial layer 67a and connection slice 67c 
are exposed Next, in the portion on connection 69a of the thin film coil 69, the coil insulation layer 71 is 
**********ed partially, and a contact hole is formed. 

[0123] Next, yoke partial layer 67b used as the yoke portion of the up magnetic pole layer 67 is formed at the 
thickness of 2.0-3.0 micrometers on magnetic pole partial layer 67a, the coil insulation layer 71, and connection slice 
67c. At this time, the lead layer 72 connected to thin film coil 69 connection 69a is simultaneously formed on the 
coil insulation layer 71 at the thickness of 2.0-3.0 micrometers. The material and the formation method of yoke 
partial layer 67b and the lead layer 72 are the same as that of yoke partial layer 1 7b in the gestalt of the 1 st 
operation. Moreover, the edge by the side of the pneumatic bearing side 30 of yoke partial layer 67b is arranged in 
the position distant from the pneumatic bearing side 30. 

[0124] Next, as shown in drawing 18 , the overcoat layer 73 which consists of an alumina is formed in the thickness 
of 20-40 micrometers, flattening of the front face is carried out to the whole, and the pad for electrodes which is 
not illustrated is formed on it. Finally polish processing of the slider containing above-mentioned each class is 
performed, the pneumatic bearing side 30 of the thin film magnetic head containing a recording head and the 
reproducing head is formed, and the thin film magnetic head concerning the gestalt of this operation is completed. 
[0125] With the gestalt of this operation, the up magnetic pole layer 67 is equivalent to the 2nd magnetic layer in 
this invention. 

[0126] In addition, you may make it ********** by the focused ion beam in the gestalt of this operation instead of 



[01 27] The composition of others in the gestalt of this operation, the operation, and the effect are the same as th 
gestalt of the 2nd operation. 

[01 28] With reference to [the gestalt of the 4th operation] next drawing 19 , or drawing 25 , the thin film magnetic 
head concerning the gestalt of operation of the 4th of this invention and its manufacture method are explained; In 
addition, in drawing 19 or drawing 25 , (a) shows a cross section perpendicular to a pneumatic bearing side, and (b) 
shows the cross section parallel to the pneumatic bearing side of a magnetic pole portion. 

[0129] The process which forms an insulator layer 9 by the manufacture method of the thin film magnetic head 
concerning the gestalt .of this operation is the same as the gestalt of the 1 st operation. 

[0130] In the gestalt of this operation next, as shown in drawing 19 . yoke partial layer 80b which becomes a yoke 
portion in the lower magnetic pole layer 80 for recording heads by the magnetic material is alternatively formed by 
the thickness of 1.0-1.5 micrometers on ah insulator layer 9. In addition, the lower magnetic pole layer 80 consists 
of this yoke partial layer 80b; arid magnetic pole partial layer 80a and connection slice 80c which are mentioned 
lat r. The edge by the side of the pneumatic bearing side 30 of yoke partial layer 80b is arranged in the position 
distant from the pneumatic bearing side 30. The material and the formation method of yoke partial layer 80b are th 
sam as that of yoke partial layer 80b in the gestalt of the 1st operation. 

[0131] Next, it grinds until it forms in the thickness of about 2-3 micrometers the insulating layer which consists of 
an alumina, for example, yoke partial layer 80b is exposed to the whole with CMP, and flattening processing of the 
front face is carried out Thereby, as shown in drawing 19 , in the portion from the edge by the side of the 
pneumatic bearing side 30 of yoke partial layer 80b to the pneumatic bearing side 30, an insulating layer 81 is formed 
on an insulator layer 9. Moreover, an insulating layer 32 is formed in other portions on an insulator layer 9. 
[0132] Next, as shown in drawing 20 . while forming magnetic pole partial layer 80a of the lower magnetic pole layer 
80 on an insulating layer 81 and yoke partial layer 80b, connection slice 80c is formed on yoke partial layer 80b. 
Magnetic pole partial layer 80a contains the magnetic pole portion iri the lower magnetic i>ole layer 80. Connection 
slic 80c is arranged in the position near the center of the thin film coil mentioned later. Thickness of magnetic pol 
partial layer 80a and connection slice 80c is set to 1.0-1.5 micrometers. The material and the formation method of 
magnetic pole partial layer 80a and connection slice 80c are the same as that of magnetic pole partial layer 10a and 
connection slice 10c in the gestalt of the 1st operation. 

[0133] Next, only 0.3-0.6 micrometers ********** s the portion of an opposite side by ion milling etc. in the 
pneumatic bearing side 30 from a desired throat height zero position among the upper surfaces of magnetic pole 
partial layer 80a. The insulating-layer stowage 82 which contains by this the insulating layer for a throat height 
convention for specifying the throat height later mentioned into the portion of an opposite side in a throat height 
zero position to the pneumatic bearing: side 30 in magnetic pole partial layer 80a is formed. 

[0134] Next, as shown in drawjnKi?! . the insulator layer 83 which consists of an alumina is formed in the whole at 
th thickness of about 0.3-0.5 micrometers. 

[0135] Next, the 1st layer portion 84 of the thin film coil which consists of copper is formed by the frame galvanizing 
m thod on an insulator lay r 83 at th thickn ss of 0.8-1 .0 micromet rs. The 1 st lay r portion 84 of a thin film coil 
is formed so that it may b wound focusing on connection slic 80c. In addition, sign 84a shows among drawing the 
connection for conn cting with the 2nd layer portion 88 which m ntions the 1st layer portion 84 of a thin film coil 
lat r. Next, a photor sist layer 85 is formed so that th 1st lay r portion 84 of a thin film coil may b nclosed. 
[0136] Next, as shown in drawing^ , the coil insulation layer 86 which consists of an alumina is formed in the whol 
by th thickness of about 3-4 microm ters. Next, for xampl by CMP, the coil insulation layer 86 is ground and 
flattening processing of the front fac is carried out until magn tic pol partial lay r 80a of th lower magnetic pole 
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layer 80 and connection slice 80c are exposed. Although drawing 22 has not exposed the 1st layer portion 84 of a 
thin film coil, you may make it the 1st layer portion 84 expose it here. The portion contained by the insulating-layer 
stowage 82 among the coil insulation layers 86 serves as an insulating layer for a throat height convention. 
[01 37] Next, the record gap layer 87 which becomes the whole from an insulating material is formed in the thickness 
of 0.1-0.15 micrometers. The material and the formation method of the record gap layer 87 are the same as that of 
the record gap layer 14 in the gestalt of the 1st operation. 

[0138] Next, in the position on connection slice 80c and connection 84a, the record gap layer 87 is **^*^***ed 
partially and a contact hole is formed. 

[0139] Next, as shown in drawing 23 , the 2nd layer portion 88 of the thin film coil which consists of copper is 
formed by the frame galvanizing method on the record gap layer 87 at the thickness of 0.8-1 .0 micrometers. The 
2nd layer portion 88 of a thin film coil is formed so that it may be wound focusing on connection slice 80c. In 
addition, sign 88a shows the connection for connecting the 2nd layer portion 88 of a thin film coil to the 1 st layer 
portion 84 among drawing. Next, a photoresist layer 89 is formed so that the 2nd layer portion 88 of a thin film coil 
may be enclosed. 

[0140] Next, in the position near [ by the side of the pneumatic bearing side 30 of the record gap layer 87 ] the 
edge, magnetic pole partial layer 90a containing the magnetic pole portion in the up magnetic pole layer 90 is form d 
on the record gap layer 87. At this time, connection slice 90c is simultaneously formed on connection slice 80c of 
the iower magnetic pole layer 80. Magnetic pole partial layer 90a and connection slice 90c are formed by the sam 
magnetic material, and thickness is set to 2-3 micrometers. The up magnetic pole layer 90 consists of magnetic pole 
partial layer 90a and connection slice 90c, and yoke partial layer 90b mentioned later. 

[0141] The. materia I and the formation method of magnetic pole partial layer 90a and connection slice 90c are the 
same as that of magnetic pole partial .layer 17a and connection slice 17c in the gestalt of the 1st operation. 
[0t42] Next, in the circumference of magnetic pole partial layer 90a, the record gap layer 87 is alternatively 
tt*tt**^*edpy dry etching by using magnetic pole partial layer 90a as a mask. Next, in the circumference of 
magnetic pole partial layer 90a, it considers as trim structure as ^#*#*##*#s about about 0.3-0.6 micrometers 
alternatively and. -.showed magnetic pole partial layer 80a of the lower magnetic pole layer 80 to drawing 23 (b) by th 
ion milling using argon system gas by using magnetic pole partial layer 90a as a mask. In addition, you may make 
equal the, width, of face of magnetic pole partial layer 90a and the width of face of magnetic pole partial layer 80a in 
the pneumatic bearing side 30 oyer the whole thickness direction. In this case, in the circumference . of magnetic 
pole partial layer 90a, magnetic pole partial layer 90a is used as a mask, and you may the record gap 

layer 87 and magnetic pole partial layer 80a, and may magnetic pole partial layer 90a, the record gap 

layer 87, and magnetic pole partial layer 80a by using as a mask the mask layer formed on magnetic pole partial lay r 
90a. 

[0143] Next, as shown in drawing 24 , the coil insulation layer 91 which consists of an alumina is formed in the whol 
at the. thickness of about 3-4. micrometers. Next, for example by CMP, the coil insulation layer 91 is ground and 
flattening processing of the front face is carried out until magnetic pole partial layer 90a and connection slice 90c 
ar exposed. . , ■ \- . ; . . ... ■>-. . 

[0144] Next, as shown in drawing 25 , yoke partial layer 90b used as the yoke portion of the up magnetic pole layer 
90 is formed at the thickness of 2.0-3.0 micrometers on magnetic pole partial layer 90a, the coil insulation layer 91, 
and connection slice 90c. The edge by the side of the pneumatic bearing side 30 of yoke partial layer 90b is . 
arranged in the position distant from the pneumatic bearing side 30. The, material and the formation method of yok 
partial layer 90b are the same as that of yoke partial layer 17b in the gestalt of the 1 st operation. ... 
[0145] Next, the overcoat layer 92 which consists of an alumina is formed in the thickness of 20-40 micrometers, 
flattening of the front face is carried out to the whole, and the pad for electrodes which is not illustrated is formed 
on it. Finally polish processing of the slider containing above-mentioned each class is performed, the pneumatic 
bearing side 30 of the thin film magnetic head containing a recording head and the reproducing head is formed, and 
the thin film magnetic head concerning the gestalt of this operation 

[0146] With the i. gestalt of this operation, the lower magnetic pole layer 80 is equivalent to the 1st magnetic layer in 
this invention, and the up magnetic pole layer 90 is equivalent to the 2nd magnetic layer in this invention. 
[0147] With the gestalt of this operation, the 1st layer portion 84 of a thin film coil is arranged to the, side of 
magnetic pole partial layer 80a of the. lower magnetic pole layer 80, and is formed on the fiat insulator . layer 83. 
Therefore, according to the gestalt of this operation, it becomes possible to form the 1st layer . portion 84 with a 
sufficient precision minutely. Moreover, according to the gestalt of this operation, the edge of the 1st layer portion 
84 of a thin film coil can be arranged near the edge of an opposite side in the pneumatic bearing side 30 of magnetic 
pole partial layer 80a. 

[0148] With the gestalt of this operation, the 1st layer portion 84 of a thin film coil is arranged to the side of 
magnetic pole partial layer 80a of the lower magnetic pole layer 80. Flattening of the upper surface of the wrap coil 
insulation lay r 86 is carried out for th 1st layer portion 84 of a thin film coil with the upper surface of magnetic 
pole partial layer 80a of the lower magnetic pole layer 80, and the 2nd lay r portion 88 of a thin film coil is formed 
through the record gap lay r 87 on this fi Id by which flattening was carried out. Th refore, according to the gestalt 
of this operation, it becomes ppssibl to also form th 2nd layer portion 88 with a sufficient precision minutely. 
Moreov r, according to the gestalt of this operation, the edg of the 2nd layer portion 88 of a thin film coil can b 
arranged near the edge of an opposit sid in the pn umatic bearing sid 30 of magnetic pole partial layer 90a of the 
up magnetic pol layer 90. 
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[0149] According to the gestalt of this operation, it becomes reducible [ the magnetic-path length in a recording 
head ] from the above thing. 

[0150] Moreover, since each of magnetic pole partial layer 90a of the up magnetic pole layer 90 and yoke partial 
layer 90b is formed on the field by which flattening was carried out according to the gestalt of this operation, it 
becomes possible to form minutely magnetic pole partial layer 90a and yoke partial layer 90b with a sufficient 
precision. s 
[0151] The composition of others in the gestalt of this operation, the operation, and the effect are the same as the 
gestalt of the 1st operation. 

[0152] this invention is not limited to the gestalt of each above-mentioned implementation, but various change is 
possible for it. the gestalt of each above-mentioned implementation for example, — a base side — reading — MR 
element of business — forming — the induction type for writing to a it top — electromagnetism — although the 
thin film magnetic head of the structure which carried out the laminating of the sensing element was explained, you 
may make this built-up sequence reverse f : 

[0153] that is, a base side — writing in — the induction type of business — electromagnetism — a sensing element 
may be formed and MR element for reading may be formed on it Such structure is realizable by forming in a base 
sid by using as a lower 'magnetic pole layer the magnetic film which has the function of the up magnetic pole layer 
shown in the gestalt of the above-mentioned implementation for example, and forming the magnetic film which has 
th function of the lower magnetic pole layer it was indicated to the gestalt of the above-mentioned implementation 
that countered it as an up magnetic pole layer through a record gap film. ^ 
[0154] moreover, this invention — an induction type — electromagnetism — the thin film magnetic head equipped 
only with the sensing element only for records, and an induction type — electromagnetism — it is applicable also to 
the thin film magnetic head which performs record and reproduction by the sensing element 

[Effect of the Invention] As explained above, accbrdihg'to tHe manufacture method of the thin film magnetic Head 
according to claim 1 to 8 or the thin film magnetic head according to claim 9 to 16 Since it is arranged in the 
position where the 1st magnetic layer and 2nd magnetic layer have [ both ] a magnetic pole partial layer and a yoke 
partial layer,- and the edge by the side of the medium opposed face of each yoke partial layer separated from the 
medium Opposed face forming two magnetic pole partial layers with a sufficient precision — possible — thereby — 
an induction type — electromagnetism — the effect of becoming possible to form the magnetic pole ^ortibh of a 
s nsing element with a sufficient precision is done so Moreover, since the edge by the side of the Medium opposed 
face of each yoke partial layer is arranged in the position distant from the medium oppose 
invention; the effect that the writing of the data to fields other than the field which' should be recorded can be 
prevented is done so. 

[0156] Moreover; according to the manufacture method of the thin film magnetic head according to claim 5 or 6 or 
the thin film magnetic head according to claim 13 or 14, since some thin film coils [ at least ] have been arranged to 
th side of the 1st magnetic pole partial layer, some [ at least ] edges of a thin film coil can be arranged hear the 
edge of the 1st magnetic pole partial layer, consequently the effect that reduction of magnetic-path length is 
attained is done so: - r . • •• ;; 

[01 57] Moreover, according to the manufacture method of the thin film magnetic head according to claim 6 or the 
thin film maghetic head according to claim 14 Since the coil insulation layer to which some thin film coils [ at least ] 
arranged in the side of the 1st magnetic pole partial layer were covered, and flattening of the field by the side of a 
gap layer was carried out with the field by the side of the gap layer in the 1 st magnetic pole partial layer was 
prepared The effect of becoming possible to form the layer which adjoins i'a coil insulation layer with a sufficient 
precision is done so. :»•*- r -. ,v V. 

[01 58] Moreover, according to the manufacture method of the thin film magnetic head according to claim 7 or 8 or 
the thin film magnetic head according to claim 15 or 16, since some thin film coils [ at least ] have been arranged to 
the side of the 2nd magnetic pole partial layer, some fat least] edges of a thin film coil can be arranged near the 
edge of the 2nd maghetic pole partial layer, consequently the effect that reduction of magnetic^path length is • 
attained is done so. " " ■ ' • • : * :j ' \" -. ,■ - -- : • •'■>;•• r. 

[0159] Moreover, according to the manufacture method of the thin film maghetic head according to claim 8 or the 
thin film magnetic head according to claim 16 Since the coil insulation layer to which some thin film coils [ at least ] 
arranged in the side of the 2nd magnetic pole partial layer were covered, and flattening of the field by the side of the 
2nd yoke partial' layer was carried out with the field by the side of the 2nd yoke partial layer in the 2nd magnetic 
pole partial layer was prepared The, effect of becoming possible to form the layer which adjoins a coil insulation lay r 
with a sufficient precision is done so. N - r 

[0160] Moreover, according to the manufacture method of the thin film magnetic head according to claim 17 to 22 
or th thin film magnetic head according to claim 23 to 28 Since it is arranged in the position where the 1st 
magn tic layer has a niagn tic pol partial lay r and a yok partial layer, and th edg by th side of the medium 
oppos d fac of a yok partial layer s parated from th m dium opposed face Th eff ct of it being possibl to form 
the magn tic pole partial lay r of th 1st magn tic layer with a sufficient precision, and becoming possible to form a 
magn tic pole portion with a suffici nt precision by this is don so. Moreov r, sine the edg by the sid of the 
medium opposed fac of a yok partial layer is arrahg d in th position distant from the medium opposed fac 
according to this invention, th eff ct that the writing of the data to fields other than the field which should b 
recorded can be prevent d is don so. Moreover, according to this inv ntion, by arranging the edg by th side of 
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the medium opposed face of a yoke partial layer in the position distant from the medium opposed face, between the 
magnetic pole portion of a recording head and the magnetic resistance elements of the reproducing head can be 
separated magnetically, and the effect that the noise and change which originate in record operation of a recording 
head and are generated in the regenerative signal in the reproducing head can be reduced is done so. 
[0161] Moreover, according to the manufacture method of the thin film magnetic head according to claim 21 or 22 
or the thin film magnetic head according to claim 27 or 28, since some thin film coils [ at least ] have been arranged 
to the side of a magnetic pole partial layer, some [ at least ] edges of a thin film coil can be arranged near the edg 
of a magnetic pole partial layer, consequently the effect that reduction of magnetic-path length is attained is done 
so. 

[0162] Moreover, according to the manufacture method of the thin film magnetic head according to claim 22 or the 
thin film magnetic head according to claim 28 Since the coil insulation layer to which some thin film coils [ at least ] 
arranged in the side of a magnetic pole partial layer were covered, and flattening of the field by the side of a gap 
lay r was carried out with the field by the side of the gap layer in the 1st magnetic pole partial layer was prepared 
The effect of becoming possible to form the layer which adjoins a coil insulation layer with a sufficient precision is 
done so. 



[Translation done.] 



http://wvm4Jpdljpo.gojp/cgi-bin/tran_web_cgi_ei 



03/10/20 



